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H itbhuifjton, I) (\ Octobn i 7 1872 

Djcau Sir The follow nig ohm ts and tables, foi piedu tions of the tiansit of Venus 
in 1874^ weie piepaiod by Mi Hill, bv nn dn action, as a supplement to the Ameiican 
Fph emeus and Nautical Almanac They aie so appiopnate to the soiies of papeis 
published b\ the commission appointed to make piepaiations foi the obsenation ot the 
transit that I a ei v readil v tianstei them to it 

1 have appended some simple explanations ot the < baits, and elocutions foi then 
use They are designed pmticulmlv toi liaxigatois m the Pantie and bidum Ooecans, 
who, accustomed to note carol ul K the times of then observations, mav flesh e to obsene 
this tiansit, but liiiiv not be able to compiehend Mi Hill’s papei 
T am, vei \ i espectfully, -sour obedient sonant, * 

.r ir c coffin, 

7'>e/r.ssn of Matheinata s, C 8 X, 8jipn tnfendent 
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Office 
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Dkar Sin I lespectfullv piesent the following lepoit 111 relation to the tiansit of 
Venus m 1 8 74 

All the constants and elements which ha\e been used in the computations on the 
hansit aie given below' The quantities lianug no teims multiplied by t me eitliei 
constant or may be leg aided as such foi the dmation of the tiansit, and the quanti- 
ties ■which vary may be regarded as varying uniformly The unit of t is an lioui 
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Epoch: 1874, December 8 d n h , Washington mean time. 


VENUS. 

Orbit longitude, referred to the mean equinox 

of date - 

Longitude of the ascending node 

Log sine of inclination 

Periodic perturbations of the latitude - 

Log raclius-vector 

Semi-diameter at mean distance 

THE SUV. 

True longitude, referred to the mean equinox 

of date - 

Latitude 

Log radius-vector - - - 

Semi-diameter at mean distance 

True obliquity of the ecliptic 

Equation of the equinoxes in longitude . . . 

Sidereal time, at Washington, in arc .... 

Constant of solar parallax 

Constant of aberration . . . - - • - 

Eccentricity of the earth’s meridians .... 
Horizontal refraction 


76° 58' 12". 84 + 242". 332 t 
75 0 33' 24". 1 
8. 7722486 
-f- o". 11 

9.8575310 — 27. 6^ 

8". 546 


256° 58' 41". 62 +152". 532* 

— o " . 41 

9.9932845 — 21. 2,'t 
959". 788 
23 0 27' 27". 67 

— 7". 42 

62° 44' 9". 6 -f- (1 5 0 2' 27" . 84)/ 
8" . 848 
20T4451 
0.0816967 


The elements of the heliocentric position of Venus are from the new Tables of 
Venus,* and may be readily deduced from the first example given in pages 16-19 °f 
the introduction. 

The apparent position of the sun which results from the above elements coincides 
with that derived from the tables of Hansen and Olufsen, but the true longitude is 
0V19 greater, owing to the adoption of Struve’s value of the constant of aberration, 
20 / '.445, instead of the value 20". 255. 

The value of the sun’s semi-diameter is adopted from Bessel. (See Astrommmdie 
Nachrichten, Ho. 228, and AstronomiscJie Untersuclmngen , Vol. II, p. 114.) This value 
is used in the computation of eclipses for the American Epliemeris. Hansen has also 
used it in his disquisition on the transit of Venus. In the British Nautical Alumnae 
the value 961V82 is used, and is the same as that given for the reduction of meridian- 
observations of the sun. Levemer states (Amides, Vol. VI, p. 40) that the value, 
deduced from the previous transits of Venus, is 958".424. Hence it is probable that 
predictions from the elements of the British Nautical Almanac will be found to lie 
considerably -in error from this cause. 

From the data given above are obtained the following hourly ephemerides. For 
the sake of completeness they are expressed in terms of longitude and latitude, as well 
as in right ascension and declination. 

... * ra ^ es °f Venus, prepared for the use of the American Epliemeris anel Nautical Almanac, by George W. Hill- 
Washington, 1872. 
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I H iom those quantities the position of the centei of the sun, as seen fiom the center 
of Venus, is denved 
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In the next place are obtained the following quantities, which aie designated by 
the eclipse-notation* of Chauvenet’s Spherical and Piactical Astionomy, which, for the 


* Tlie plane of leferonco passes thiough the center of the earth perpendicular to the axis of the enveloping cones , 
a and d aie the right ascension and decimation of tho vanishing point of the axis, /a,, the hour-angle of that point at tho’ 
flist mendian , <?, the distance of the sun and planet, x, y, the co-ordinates of the axis m the plane of reference, y hemg 

taken positive toward the north,® positive toward that point whose light ascension is 90 0 -f-a, ^and ^ are the 

fit 

houily changes of x and y, f is the angle of the cone, l, the radius of the cone m the plane of reference, % =s tan /, 

2 V PT II 



most part, is identical with that of Bessel’s Analyse der Finsternisse 
bered that Venus here takes the place of the moon. 


It must be remem- 
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CURVES REPRESENTED ON THE CHARTS. 

been m"l" fovZ,,™ 1 TT* *° which have 

Been made f a the purpose of drawing the charts. These charts are desired to o-ive 

-epuKUpal circumstances attending each of the four contacts at any point of "the 

earth s surface where it is visible. These circumstances may he taken to be the time 

e“ of 0 ™, 1 :’ r "r posit r 1 tbe iwint of “““ - 

hy the curve upon which contact takes place in the horizon. The readiest method of 

hS'i T WI " b0 ‘° mmbCT ° f PO^cotl" 6 ^ 

curves/ Ugh *•» p0sitioIls ’ I*** »“ the chart, draw the 

M tm™ m “7Xd^ I ^i^ PUII?0Se “® n0 ‘ ^ “ ‘ he treatises on P racM 

Then the™ W “ d P°“‘ 

Then the position of this point can be found by the equations, fleeted. 
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the upper .sign being used for the extenor contacts, and the lower for the interior 
With sufficient appioxiniation, these equations may be written 

a' — a i (a! — a) 

3° 

,r — S ± -1 (S' — 6) 

30 

The extenor contacts last about 21 minutes on the eai tli’s siulace, and the mte- 
1101 contacts about 25 minutes The quantities ci and d! vaiy so slowly that they may 
be computed foi the middle of the diuation of each contact on the eaitli’s suiface, and 
then supposed constant foi this diuation In this way the following values have been 
obtained 
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The investigation to be made is conveniently divided into two problems 


Problem I — To find the point of the ecu Hi’s s 10 face at which contact tales place at a 

cjivcn time and at a cjivcn altitude 

Let 

* 

go — the longitude of the lequued point west fiom the first mendian , 
cp — its latitude , 

p — the sideieal time at the fiist mendian , 
h — the given altitude , 

9 — the paiallactic angle at the point of contact , 

S’’ — p — a' — go — the hour-angle of the point of contact 


The geneial foi mu lac of spheiical tngonometry, applied to the tuangle formed by 
the zenith, the pole, and the point of contact, give these equations 

cos q> sin 3' n cos h sin 9 
cos cp cos 3' — cos d! sm It — sin d 1 cos h cos 9 
sni cp — sm d! sm h + cos d! cos h cos 9 

As soon as 9 is known, these tluee equations, togethei until the equation, 

co — jj. — a' — 3' — p\ — 3' 

give the position ol the lequued point To obtain 9, lesoit must be had to the equa- 
tion defining the condition of contact, viz 

(7-i<?) 3 =(c — £)~ + O — hY 

= ^ + f — K x % 4- uh) + P J — <5- 
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then, 


In place of x and y make the usual substitutions, 

x — m sin M 
y — m cos M 


t ; sm 


U+t? cos M= — — 

2 VI 


<? 2 


I he. numerical value of each, member of this equation is always less than unitv, 
and it will be determined, to a sufficient degree of precision, with four decimals. The 
age value of the denominator 2 ))l Isi Rn • In 4-lwv I j. ...Til I. 


wtciimuuu, LU a sumcienx degree ot precision, with tour decimals, The 
average value of the denominator 2m is about 80; hence in the numerator it will be 
sufficiently accurate to putp 2 -i, and 2 liS=2)niZ, and neglect the term - rr? : 
and if terms multiplied by i and e 2 are neglected, it is plain that <? — sin Jr. 
simplified, the equation becomes, 


dims 


H sin M + ?; cos M — ~ - ± l 

2 m 


■ + i sin h i- sin ~ h 

21)1 


The right-hand member of this equation is a known quantity, and it only remains 
o discover the expressions of £ and ?j in terms of 0 to have the equation determining 0. 
II16 known expressions lor <r y and ij are, 

£ — P cos cp sin £• 

v = P cos d sill qj - p sill Cl cos qJ cos 5 
But if terms of the order of e 4 are neglected, 


p cos cp ' 


'-•g 1 

cos cp 


p sin <p — 


(1 — g~) sin cp 


■ a, re 


^ ^ ^ v p ue + y , and making cos v 


Putting v — a' 

V IS a very small angle, the above expressions become 
P£ — cos cp sin y -f- sin v cos cp cos y 

d d — 0 ~ COS (] Sill CD — sill (1 rr\ /iac G/ i * . , 

; p m a 008 r P co ' s ~ + sm v sm d cos cp sin y 

In these equations substitute for cos cp sin y cos m v i • 
terms of * which have bee,, give,, above' thk ’ “ ' hcn ' ’">"** "> 

Pf = eos * am 9 - sin , sin g C os h cos » + v cos g s i„ * 

P?/ = 8111 " sin d COS h Sill 0 + [cos (d' - d) - c 2 cos d! CAS rT\ „ - 7 

J_r«in/^ A . . / c cos U COS dj COS Jl cos Q 

-p [sm (d — d) — 6 - sm d' cos d] sin h 

But since d' and d are vervnearlv crmnl +m 1 A 

“ 3 ( , i" <U ’ tlle last equation may be written 

py~ sin v sin d! cos It sin Q 4- ( r __ ^ ,r\ 7 

, r ,v / v 70 T 1 0& d ) cos cos <9 

-f [sm (d — d) — Je 2 sin 2 d'] sin 7i 


Put now 


1 


O 
» > 


mu it — sm v mu d' K' mu it' — siu ( d' — d) — Ur sin 2iV 

J\ — 1 — c" ( os y d' A' cos it' — sm v cos d‘ 

The quantities A', it, A', «ind it! will he sensibly < oiist.mt loi the dotation ot each con- 
tact on the* cm tli’s surt, ice Then 


pp, — cos It sin 0 — sm it cos It cos 9 -(- K' cos u' sm It 
pi/ = sm it cos It sin 1 9 -|- K cos It cos 9 + K' sm it! sm h 


Since it is mm y small and A'ne<i,il\ unitv, then* i (‘ suits tiom these equations, 

p L'T sin ,1/ -|- // cos JM~\ — sin (7)7 + it) cos h sin 0 -j- K cos (AT-f- it) cos li cos 9 

+ A' sm (717 -f it') sm h 


In the nest place make 

Jj sm (J7 -f- A) — sm (il/+ it) 

L cos (717 -J- A) — K cos ( 717 -j- it) 

from which ni<n he domed the sultu ienth appioximate values, 

A — i — c J cos 2 <l' ( os ’ 71/ 

A — ^,c J cos J <P sm 2 71/ + v sm tl' 


from v\ ha li it, appeals that, since 71/ does not. \.u> nmcli, L and A a,ie sensibly constant 
for tin 1 duiatiou ol each contact on the e.utli’s suilace Then putting 

y - 71/ + A 

p [H sm 7J7 + V cos 71/ ] — L cos h cos {0 — y) -|- l\' sm (71/ it') sm h 


Mib, •diluting for P, sm 717 + 1 / cos 717, its value, 

in — / -4- i . i i • , , 

- 1 - + / sm It — sm It 

2 m 

and ma kmo 

A — wJ — r + 1 
2 Lm 


211 ), 


i — A" sm (17+ it') 




2 L lit, 


and remembenng that p and unity may he eonsideied equal when multiplying a small 
tenn, the final equation for determining 9 is - 

cos ( 9 — y)—p sec h [J + sm It -f- C sm 2 7/] 
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1 Jun equation possesses the advantage of having its tonus sepaiated into factors, 
one ot which depends on the time only, and the other on the altitude only Thus, in 
computing the positions, of a senes of points on a cuive of the fiist class', the qiuuiti- 
t!Os J, B C, and y, since they aie functions of the time only, lemam constant If nnn 
be legal ded as sensibly constant for the dmation of each contact on the cm til’s suir- 
iace, and C is neailv so A, C, and y me tabulated at intends ot a minute for 
the diuation ot each contact on the earth’s surface 

The light-hand menibei ot the above equation contains the unknown tactoi p- in 

a hist approximation this w ill be put equal to unitv, and the value of 0 thus obtained 
substituted m the equation, 

sm cp — mu tl' sin h -f cos dl cos h cos 0 

Then a sufficiently amuate value ol p is given by the equation, 

P = i — l c 2 sm 3 cp 

Howeie!, as tour-place loganthms aie amply sufficient foi all these computations uid 

... «£r t f: m \ ,w -- >- 

* V * maximum value, the' eq J mn *" * 

COs (0 — y) — _j_ x 

Tk^ the coultiou ot contact t along place at maximum alt.tu.le ,s 

cos Ji — -P p [ j. _P fj s ; u ] t _p Q wu 8 /,j 

«t™“r^Sari'r tr 

but suice 7, mini be m the fiiot quadbit it mU be f ' V ° f t,1C io1 " 1,1 111 S' 1 h • 

loot applicable to the pioblem It .. readilv -oK i"]" 1 ' ’ m 8eltw<1 ^ t0 ^ lavG l J| it one 
h.,t ..due of /, may be deuved ftom co“, = ± ' 7 1 « 

cign has place, the value „f e is y 01 . r + , 8o V ‘ T - Uc01th “S •« tlw upper C)1 l 0 ,ver 

t"0 solutions of the pioblem become identical “ the 

tollo« S t?mI™ t TlTtatarrtl W ‘ U “ ““f ‘ MVe twu l» h ““ *» k = °, if 
nimv Time the equations, " * he “ mal of A p may not exceo.l 


‘Jp = ±: 

sue the tunes of (list and last appeatance of the 


contact on the surface of the eaith 
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In. tlie special case of contact on the hoiizon, h — o, the equation determining - 9 
takes the simple form, 

cos ( 9 — y) — Ap 

and tlie equations determining the position of each point 1 educe to 

cos cp sin $■' — sin 9 
cos cp cos y — — sin (V cos 9 
sin go — cos cT cos 9 
co — p\ — & 


It is woithy of lemaik that the equation detei mining 9 lcniams the same if h 
instead of being exactly zero, is a small positive oi negative angle , foi sec h will be 
sensibly unity, and, B and C being small, the teims-I? sm h and C sm 2 h may be neg- 
lected Hence, in taking into account the effect of redaction on tlie position of points, 

wdiere contact takes place in the hoiizon, 9 may still be denved fiom the equation, 

* 

cos (9 — y) — Ap 

but it will be necessaiy to make Ji — — (the lioiizontal lefi action) in the equations 
determining cp and $■' 

The particular case wheie h — go°, or contact in the zenith, requires notice Here 
the equation detei mining 9 i educes to 

A+B+C—o 

This determines the time at which the phenomenon takes place , and the equations for 
the position of the point reduce to 

CO — 

cp—d! 

Problem II — To find the point of tlie cm th's sui face at wlncli contact talcs place at a 
given point on the sun's limb and at a given altitude 


If the_ angle of position of the given point measiued fiom tlie noith point of the 
sun’s limb toward the east is denoted by Q, the fundamental eclipse-equations are 

(7 — «<?) sm Q n x — f 
(/ — /<?) cos Q — y — rj 

In these equations sm h can be substituted for <?, and x and y can, with sufficient 
approximation, be lepresented by tlie expressions, 


(Jr 

X = r ’ + Td 

y — v« + Yf 1 
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it t is counted fiom an epoch neai the middle of the (filiation ot the contact on the 
earth’s surface Putting 1 now 


'In rr )lf 0 Sin M 0 
)/o = Wo M 9 


<] L — n sin N 

(It 

( lV = n cos N 
(It 


we have 


£ z=. i H fl sin Mq — (7 — i sin h) sin Q + 1/ 1 sin A r 
7 — J)?o eos M 0 — (7 — ? sm 7 ?) cos Q -f- w t cos A 

Fiom these equations aie derived the following, 

5 cos A T — 7 sin N = m a sm (M 0 — N) — (J — > sin li) sin (Q — A ) 
nt — Z Mil K + 7 cos K — ?»„ eos (ilf,, — AT) + (7 — / sm h) cos (Q — A ) 

The values of H and 7 found m the first pioblem must he suhstitutcd in those 
equations The tiist membei of the hist of these equations is obtained simply 1 >\ 

wilting A r + 90° foi Jilin the fiist meinhei of the coirespondmg o<|uation of tin* lirst 

piohlem Hence making 

IJ — 1 — e~ cos 2 dl sm 2 X 
A ' — —\(? cos 2 d! sin eA r -f v sin <!' 
v' - N+ A' + 90° 

the&e quantities are constant foi the diuation of each contact on the earth's surface, and 
theie is obtained the equation 

p [£ cos X — 7 sin A r ] = L' cos h cos (9 — y') + X' cos (A’ it') sm h 
Consequently, if 

A' - ^0 sin (A/ 0 - N) - - sin ( Q - A') 

Jj 

B' - Ism (M n - X) - K ‘ cos (JV+ *') 

Jj ±J 

wheie Q has been put equal to JI/ 0 m the tcim multiplied hv /, the equation deter- 
mining- (9 in this piohlem becomes 

t 

cos (9 — y 1 ) = p sec h [A' + B‘ sm h] 

The equation giving the value of nt is only needed for the pm pose* of obtaining 
M'u Tvhich it is necessary to have m older to get go fiom In this it will he sutlic icnth 
accurate to put for H and 7 then approximate values, 

47 — cos h sin 6 
7 = cos h sin 6 

and neglect the term multiplied by 1, then, 

nt — eos h cos (9 — N) — cos (JII 0 — A r ) -f- 7 cos (/? — N ) 
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If Mu denote the value of ju\ at the epoch from which t is counted, m' the motion 
ot n\ in a unit of time, and 


A" = Mo - cos (lf 0 - N ) + I**'- cos ( Q - N ) 

7b 

the expression for jli\ is 

m\ — cos h cos (9 — JST) 

After 9 and jx\ have been determined from the equations just given, the position 
of the point on the earth’s surface is found by means of the same equations as in the 
first problem Thus it appears that the solutions of the two problems are quite similar, 
the only differences being that the term corresponding to C sm 2 Ji, in the factor of the 
equation v Inch determines 9, is wanting, and that a sepaiate computation must be made 
for m‘ \\ and the remaiks to be made regarding the solution of the equation determin- 
ing 9, and the limits between which Q and h must be assumed, m order that solution 
may be possible, are quite similar to those made in the fir st problem While B' and 
y' arc* constant for the duration of each contact on the eai tli’s surface, A' and A" 
im olvo the variable Q, and may be tabulated with Q as the argument within its lim- 
iting values The equation detei mining 9 gives two values for this quantity, correspond- 
ing to the two points on the ealth’s suiface, which satisfy the conditions of the problem, 
and p must be determined separately for each 

The condition of contact taking place at a given point on the sun’s limb, and at the 
maximum altitude, is 

cos li — db P [A 1 + B' sin //] 

and the equations, 

A'p — ± i 

give the limiting values of Q In finding the points on the ciuves of the second class, 
which aie common to the cuive of contact on the hoiizon, 9 is denved from the 
equation, 

cos (9 — y') ■=. A'p 

but h — — (the hoiizontal refraction) m the equations which detei mine <p and In 
computing the value of p\ foi each of the two solutions of the problem, it will be 
noticed that, with sufficient approximation, the second term has the same numeiical 
value but opposite signs in the two solutions , and in the case of maximum altitude for 
a given value of Q, the equation becomes simply 


m\ = a 


n 


3 y — pt ii 
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In this case, also, it will be advantageous to compute four auxiliary quantities 
from the equations, 

p cos £ = cos if ]>' sin s' = sin if 

p sin £ ~ sin ff cos Q p' cos s' — cos d' cos & 

bv means of which the equations determining qj and 5 ' take the form, 

cos <p sin 3 y = cos h sin 0 
cos cos —p sin ( li — e) 
sin cp — p' cos (Ji — e) 

As 0is constant in this case, p,p>', s, s', are so likewise, provided that after the point 
of maximum altitude has passed the zenith, Ji be supposed to increase from 90° to 1 So 0 , 
or, in other words, that 1 So 0 — h be used instead of h. 

VALUES OF THE QUANTITIES EMPLOYED. 

Denoting the four contacts in their order by the symbols I, II, III, and IV, the 
values of the various quantities employed in the foregoing discussion are : 


1 

I. 

II. 

III. 

IV, 

Epoch from which t is counted . 

S h 40 m 

9 h io ni 

I2 h 48® 

jgh jgm 

i V 

+ 18' 

. 4- 16' 

• - O ' 

8' 

log K 

7 .Q 1 S 7 

7.9158 

7.9359 

7.941 7 

ti 1 , 

54° 20' 

5 S° 33 ' 

I (XT' 46* 

104 x 4 

log L 

q.qqSq 

9.9986 

9.9977 

9.9977 

' ! A . 

d- 3 ' 

+ 4 ’ 

3 

— r 

! log B . . . . . 

n 7. 18S0 

7.2228 

• H 7-3475 

n 7.3411 

JS T . 

284° 50' 30". 5 

284° 48' 49". 5 

284 c 36' 36". 5 

2S4* 34 ' 55 ’-6 

i 1 . . 

9-9977 

9.9977 

9-9977 

9.9977 


o - 

— i' 

+ 7 ' 

H- S' 

^sm(Fo-.V) . . . . 

+ 34.02S9 

+ 34- C1S7 

-f 34.0188 

4 - 34.0290 

los [~i'] •••*••• 

I . 616412 

11 1.587591 

n 1.587600 

1 .616423 

V . 

1 14° 49' 

H° 48 ’ 

14° 44 ' 

14° 43 ' 

log £ 

7 - 3 /SS 

7.3517 

7-3349 

n 7.3605 

Mo ■ ~~~~~~ cos (il/a — -N’) . . . ; 

i66° 23' 

i66° 26' 

I 

1 66° 43' 

1 66° 45' 

l°g J^"^" in minutes of arc J 

3-5657 

3-5369 

3 . 536 S 

3-5656 






log n in minutes of arc . , 

1.9516 

1.9516 

I. 95 T 5 

1-9513 

1 i °gp . 

9-9978 

9.9978 

9.9979 

9-9979 

i £ ; • • • • 

21 0 57 ’ 

21° 56' 

- 21 0 54' 

- 21° 54' 

io g / 

9.9S76 

9,9876 

9.9877 

9-9877 

£ ' • • • 

— 156° 40' 

~ 156° 41' 

^ 23° 15' 

- 23° 15' 



19 


Tlie quantities which vary with the time and with Q are given m the following 


tables 


I — Fo> E i tei 101 Contact at Ingress 


Wash M T 

A 

log r 


/a i 

1 

Wa.h M T 

A 

log C 

j 


/'i 

h 

m 



n t 1 

1 

0 , 1 

h m 





0 

3 

29 

+1 0339 

n 8 0/b2 

51 29 ' 

128 56 1 

S 40 

-0 0313 

no 0064 

49 

25 

131 41 


30 

0 0360 

0762 

51 i 3 

129 11 

41 

0 1268 

0S74 

49 

13 

131 56 



0 S3S3 

0772 

51 7 

129 26 

42 

0 2220 

0SS4 

49 

1 

132 II 


j2 

0 740S 

07S2 

dO 36 

129 41 

43 

0 3170 

0094 

43 

50 

132 27 


33 

0 6435 

0793 

50 44 

129 56 

44 

0 4117 

0904 

48 

3 S 

132 42 


34 

0 5464 

0S03 

50 33 

130 11 

45 

0 5061 

0914 

, 4 S 

26 

1 132 57 


3 d 

0 4495 

0SI3 

50 22 | 

130 26 

40 

0 6003 

0924 

48 

M 

133 12 


36 

0 3529 

0823 

50 11 , 

130 41 

47 

0 6942 

0934 

48 

2 

133 27 


37 

0 2565 

o33j 

49 39 

130 5 & 

! 

4 ° 

0 7873 

0943 

47 

50 

133 42 


33 ; 

0 1603 

0344 

49 43 

131 ir 

1 49 

0 38 ii 

0953 

47 

38 

133 57 


i 

39 

-ho 0644 

o8s4 

19 3 r > 

1 } 1 26 

50 

0 9 / 12 

0903 

47 

26 

| 134 12 

8 

40 

— 0 0313 

u S 0864 

in 2 s 

1 _ 

m ;i ! 

' 8 51 

— i 0670 

nr »73 

17 

1 1 

1 131 27 


(J 

A ' 

A" 

1 

Q 


1 

A" j 

0 / 


0 t 

! 0 / 


. , ! 

46 50 

— 1 0360 

133 54 

48 30 

- 0 3841 

132 26 

47 0 

0 9721 

133 45 

40 

0 3173 

132 17 

10 

0 9079 

133 36 

! 50 

0 2502 

132 s 

20 

0 8435 

133 27 

49 0 

0 182S 

131 59 

30 

0 778S 

133 19 

1 10 

0 1152 

131 sz 

40 

0 7138 

133 10 

1 20 

- 0 0472 

131 42 

50 

0 64S4 

1 133 1 

; 30 

-h 0 0211 

131 33 1 

1 

48 0 

0 5827 

132 52 

1 40 

0 0897 

131 24 

10 

0 516S 

1 132 43 

50 

0 1585 

131 IS 

20 

0 1506 

132 35 

50 ° 

0 2276 

131 7 1 

4s 30 

- 0 3841 

! 132 26 

5D 10 

-h 0 2969, 

130 58 ,i 


SO 


5i 


51 


IO 

20 

30 

40 

50 

O 

10 

20 

3° 

40 

50 


4- o 2969 
o 3666 
o 4366 
o 5069 
o 5774 
o 64S2 
o 7193 
o 7907 
o 8624 
o 9343 
\ 1 0065 


J" 


130 58 
130 49 
130 40 
130 31 
130 23 
130 14 
130 5 
129 56 
129 47 
129 39 
129 30 
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II . — For Interior Contact at Ingress. 


Wash. M. T. 

A 

log C 

7 

( ,: i 

Wash. M. T, 

A 

log C 

7 

P'i 

h. m, 



0 / 

0 , 

li. m. 



0 / 

0 , 

8 57 

+ 1.0501 

n 8 . 1034 

46 I 

135 57 

9 10 

-0.0238 

» 8.1155 

43 13 

139 13 

58 

0.9651 

.1044 

45 43 

136 12 

11 

0.1037 

.1164 

43 0 

139 2S 

59 

0.8807 

.1053 

45 36 

136 27 

12 

0. 1832 

.1173 

42 47 

139 43 

9 0 

0. 7967 

. 1063 

45 23 

136 42 

13 

0. 2623 

.1181 

42 33 

139 5s 

1 

0.7130 

. 1072 

45 10 

136 57 

u 

0.3410 

.1190 

42 20 

140 13 

2 

0.6296 

. 10S1 

44 57 

137 12 

15 

0.4193 

.1199 

42 7 

140 2$ 

3 

0.5466 

. 1091 

44 45 

137 27 

16 

0. 4972 

. 1208 

4i 53 

140 43 

4 

0.4640 

.1100 

44 32 

137 42 

17 

0.5746 

. 1217 

4i 39 

140 5S 

5 

0.3817 

. 1109 

44 19 

i 137 57 

is 

0.6515 

. 1225 

41 26 

141 13 

6 

0.2998 

.1118 

44 6 

138 12 

19 

0.7280 

.1234 

41 12 

141 28 

7 

0.2183 

, 1127 

43 53 

138 28 

20 

0.8040 

.1243 

40 58 

141 43 

8 

0.1372 

• .1137 

43 39 

13S 43 

21 

0.8795 

.1251 

40 44 

141 58 

9 

o- 0565 

. 1146 

43 26 

138 58 

22 

0.9546 

.1260 

40 30 

142 13 

9 10 

—0.0238 

8.1155 

43 13 

139 13 

9 23 

— 1.0292 

8.1268 

40 17 

142 28 


Q 

A ' 

A " 

Q 

a : 

A " 

Q 

A ' 

A " 

C , 


0 , 

* , 


0 f 

c. / 


0 / 

39 50 

— I.040I 

142 10 

42 0 

- 0.3965 

140 13 

44 10 

4- 0.2964 

13s 19 

0 

0 

0.9924 

142 1 

10 

0.3449 

140 4 

20 

0.3517 

138 10 

10 

0.9444 

141 52 

20 

0.2930 

139 55 

30 

0.4073 

138 2 

20 

O.S96I 

14 1 43 

30 

0 . 2409 

139 47 

40 

.0.4632 

137 53 

30 

0.8474 

* 4 * 34 

40 

0.1885 

139 38 

50 

0.5194 

137 44 

40 

0.7985 

141 25 

50 

0.135s 

139 29 

45 0 

0.5758 

137 35 

50 

0.7493 

141 16 j 

43 0 

0.0827 

139 20 

10 

0.6325 

137 26 

41 0 

0.6997 

141 7 { 

10 

— o*.0294 

139 n 

20 

0.6895 

137 IS 

10 

0 . 6499 

140 5S 

20 

+ 0.0242 

139 3 

30 

0. 7468 

137 9 

20 

0.5998 

140 49 

30 

0.0781 

13S 54 

40 

0 . 8044 

137 1 

30 

0.5494 

140 40 

40 

0. 1322 

138 45 

’ 50 

0. 8623 

136 52 

40 

0.4987 

140 31 

50 

0.1866 

138 37 

46 0 

0.9204 

136 44 

50 

0.4477 

140 22 

44 0 

0.2414 

138 28 

10 

0.9788 

136 35 

42 0 

- 0.3965 

140 13 

44 10 

+ 0.2964 

138 19 

46 20 

+ 3:. 0375 

136 27 
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III — For Interior Contact at Fgi e*s 


11 


— 10 30 

40 

50 
o 
TO 
20 
30 
40 
50 
O 
10 
20 
30 

— 12 40 


12 


J' 


I OI4S 
o 9669 
o 9187 
o 8702 
o 8215 
o 7724 
o 7230 
o 6733 
o 6233 

0 5731 

o 5226 
o 4717 
0 4205 
o 3690 


A ' 


191 4 

IQI 13 
191 22 

1 9 1 31 
igi 40 

igi 49 

191 5 s 

192 7 
192 16 
192 25 
192 34 
*92 43 

192 51 

193 o 


12 40 

50 

13 o 
10 
20 

30 

40 

50 

o 
10 
20 
30 
40 

14 50 


14 


A ' 


— o 3690 

O 3173 

O 2653 
o 2131 
o 1605 
o 1076 

O 0545 

— o 0010 
4- o 052S 

o 1069 
o 1612 
o 2158 
o 2706 
h o 325S 


l ' 


193 o 
193 9 
193 lS 
193 27 
193 36 
193 44 

193 53 

194 2 
194 11 
194 20 
194 29 
194 37 
194 46 
T94 55 


14 

35 


16 


50 

* + 0 325S 

iQ4 55 

0 

0 3S13 

395 4 

10 

0 4371 

195 13 

20 

0 4931 

195 21 

3° | 

0 5494 

395 30 

40 j 

0 6059 

195 39 

50 

0 6628 

395 47 

0 

0 7200 

395 56 

10 

0 7775 

196 5 

20 

0 8353 

196 13 

30 

0 8933 

196 22 

40 

0 9515 

196 30 

50 

, + 1 0101 

196 39 


Wash M T 

J 

log 0 

/ 

/''l 

Wi,h JM T 

A 

log C 

/ 

\ l 1 

h m 



n / 

* / 

h m 



O t 

0 / 

12 35 

— 1 018S 

n 8 1276 

-10 53 

190 41 

12 48 

— 0 0100 

n 8 1162 

-13 50 

193 57 

06 

0 9440 

126S 

11 7 

190 50 

49 

+ 0 0706 

1153 

14 3 

194 12 

37 

0 8687 

1259 

11 21 

191 II 

50 

0 1515 

1144 

14 16 

194 27 

38 

0 7929 

1251 

11 34 

191 26 

5 i 

0 2329 

1135 

14 29 

194 42 

39 

0 7166 

1242 

11 48 

IQI 41 

S 2 

0 3147 

1126 

14 42 

194 57 

40 

0 6309 

1233 

12 2 

191 50 

53 

0 396S 

1116 

14 55 

195 12 

41 

0 5627 

1224 

12 16 

192 11 

54 

0 4793 

1107 

15 s 

195 27 

42 

0 4850 

1216 

12 29 

192 26 

58 

0 5622 

109S 

15 21 

195 42 

43 

0 4069 

1207 

12 43 

192 41 

56 

0 6454 

10S9 

15 34 

195 57 

44 

0 3284 

1198 

12 56 

192 56 

57 

0 7290 

1079 

15 46 

196 12 

45 

0 2494 

1189 

13 9 

193 11 

58 

0 S129 

1070 

15 59 

196 27 

46 

0 1700 

1180 

13 23 

193 27 

12 59 

0 S972 

1060 

16 11 

196 42 

47 

0 0902 

1171 

13 36 

IQ3 42 

13 0 

0 9819 

1051 

16 24 

196 57 

12 48 

—0 oroo 

n 8 1162 

-13 50 

193 57 

13 1 

+ 1 0669 

}> 8 1041 

— 16 36 

197 12 


A" 
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XY . — For Exterior Contact at Egress. 


Yv ash. 

m.t. 

A ! 

log C 1 

; 


li 

I 

Wash. 

;! 

M.T. 


A 


log C 


: / 

//| 


h. 

m. 



o 

, 

0 


1 h. 

m. 










*3 

7 

— 1.0536 

n 3.0983 : 

-17 

43 

I9S 

43 

13 

1 3 


- 

-0.0144 

u 3.087 

4 

: -19 59 

20 I 

2() j 


3 

0.9605 

.0974 ! 

iS 

I 

IQS 

53 


19 


4-0.0817 

.0064 

20 10 

20 1 

44 


9 

o. 36 ;i 

. 0964 ; 

iS 

13 

I99 

J 3 


20 



0. 17S0 

.0054 

1 20 22 

201 

54 


10 

c . 7735 

.0954 ! 

iS 

-5 

199 

23 


21 



0.2745 

.0S44 

1 20 33 

202 

14 ! 


11 

0.6-95 

. .0944 ; 

1 3 . 

37 

199 

44 


22 



0.3713 

.0S34 

20 45 

202 

24 


12 

0.5353 

.0934 ; 

i 3 

49 

I99 

59 


23 



0.4633 

.082 

3 

20 56 

202 

4 4 | 


*3 

0.490$ 

.0924 i 

19 

0 

200 

14 


24 



0 . 5 ^ 

55 

.o 3 x 

3 

2 1 S 

2vj2 

5,4 | 


n 

0.3960 

.0314 

19 

12 

200 

29 


25 



0.6)629 

.0S0 

3 

21 It) 

203 

14 


15 

c.3010 

. 0904 

19 

24 

200 

44 


26 



0 

*0 

O 

.079 

3 

2 1 30 

203 

24 | 


16 

; 0.2057 

. 0S94 1 

19 

36 

200 5-9 

:j 

27 



O.85S3 

.07? 

3 

2 \ 4 1 


41 j 


17 

| Q.1102 

.0534 : 

19 

47 

201 

M 


23 



O.9563 

.077 

2 

2 1 5 3 

203 

1 

13 

iS 

| —0.0144 

j£ 3 . OS74 ; 

-19 

59 

201 

29 

*3 

29 


-T 1.0545 

/( 0.07C 

2 

| -22 l 

204 

14 ! 


n 

A' 

: A'" 


Q 


A' 


A" 



0 



A" 

1 

! T „ 

30 • 

\ — 1. 0021 

igg iS 

j; __ 

19 

IO 


0.3437 


200 

43 



20 50 

1 

0-331 1 

2< 

I ft 


40 

0.9380 199 27 



20 


0.2817 


200 

57 


21 0 


0.4034 


2 5 


5 1 0 

0.S737 

199 36 



30 


0.2144 


201 

6 


r 0 


0.4734 

?a n! 

8! 

iB 

0 

0.S091 

199 45 



40 


0. 146S 


201 

IS 

: 

20 


0.54 13 

202 

44 j 


20 

0.7443 

IQQ 54 



50 


0.0790 


201 

24 


30 


0.6,150 

2 1 , 1 2 

M | 


20 

0.6791 

200 3 


20 

O 

- 

0.0109 


201 

33 


40 


0.6859 

2t ‘3 

( 1 | 


30 

0.6136 

200 12 



IO 

-{- 

0.0575 


201 

41 


50 


0.7572 

203 

3 ! 


,40 

0.547= 

200 21 



20 


0. 1262 


201 

50 


22 0 


0.8288 

2 ‘ 5 3 

17 


50 

0.4S17 

200 30 



30 

« 

0.1952 


201 

59 


10 


0.9006 | 

2 n 3 

26 

19 

0 

0.4155 

200 39 

| 


40 


0.2645 


202 

8 


20 


OOJ 727 I 

2t >3 

81 

-19 

10 

— 0.34S7 200 48 

jj - 

• 20 

50 

-i- 

0.3341 


202 

16 

“ 

22 30 

H 

1.0451 1 

2t >3 

18 
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BEGINNING, ETC , OF EACH CONTACT 

Fiom the foregoing data are readily derived the times, and position ot the places, 
at which the following phenomena occni 



Wish M T 

Longitude 

L 

1 

ilitude 


h 

m 


r 

1 

1 

0 

, 

Contact I begins on the enih 

S 

29 33$ 

55 

27 

' + 

35 

24 

occurs in the zenith 

S 

39 530 

I 3 T 

3-1 

| - 

22 

38 

ends on the eirth 

8 

50 292 

244 

25 

- 

3s 

24 

Contact II begins on the eirtli 

S 

57 572 

05 

53 

-f- 

40 

15 

occurs in the zenith 

0 

9 520 

139 

6 

i 

22 

37 

ends on the eirth 


22 630 

257 

24 

1 “ 

4+ 

22 

Cont ct III begins on the eirth 

12 

35 216 

36 

40 

- 

64 

33 

occurs in the zenith 

12 

AS 314 

194 

2 

- 

22 

34 

ends on the eiith 

• 13 

0 244 

235 

IS 

+ 

62 

48 

Contact IV begins on the caitli 

| 13 

7 5 48 

;s 

15 


61 

0 

occurs in the zenith 

1 13 

IS 300 

201 

33 

1 

22 

34 

ends on the eiitli 

: 

! 

2 S 471 

251 

17 

4 - 

1 

59 

?0 


APPROXIMATION OF THE CURVES TO CIRCLES 

The curves to be diawn on the charts approximate so closely to circles of the 
sphere that it has been deemed sufficient to compute the positions of three points on 
each euive, namely, the two at which contact occurs on the horizon, and the one foi 
which the altitude is a maximum, and then 1 eg aid the curve as a circle of the spliei e 
passing through these points, and, as the steieogiaplnc projection has been chosen for 
the delineation of the charts, the projected cmves v ill also be cueles 

But it will be of interest to determine befoiehand how gieat an enoi can be pro- 
duced by this assumption And first, in the case of the time-curves, let a be the radius 
of the cucle of the sphere passing through the three points, and adopt the subscripts 
(o), (i), (2), (3), for the quantities which refer respectively to the pole of this circle, 
the points of contact on the horizon, and the point of maximum altitude Then g and 
the position of the pole of this circle are determined by the equations, 

sm sin (p Q -■(- cos cos <p 0 cos ( 3 ' x — 3 ' 0 ) — cos G 

sm 9 > 2 sm <p a -]- cos cp 2 cos <p 0 cos (3A — S-' 0 ) — cos g 

• sm g > 3 sm <p 0 + cos (p z cos <p 0 cos (S -' 3 — 5 ' 0 ) = cos a 

or, if for the moment we write, in general, 

x ~ cos cp sm $■' 
y ~ cos q> cos Sr' 
s — fein q> 

by the equations, 

"ii + 2/i 2/o + ^0 “ cos 6 

t 2 r 0 -f y 2 y 0 -|- a 2 ,; 0 — cos o 
x 3 + y 3 Vo + £3*0 = cos G 
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It will be sufficient to assume here that the ciicle which passes through the point of 
maximum altitude and the two points for which h — — (the honzontal refraction) will 
also pass tlnough the two points for which 7*. zz o Consequently, we shall suppose 
that lh — o and lu — o But, from the foregoing investigation, 


a, — sm ft 
y 2 — — sm (V cos ft 
zz cos (V cos ft 


i! zz sm ft 
y x — — sin cT cos ft 
ft — cos cl' cos ft 

x 3 — cos h 3 sin ft 

y 3 — cos cl' sin Ji 3 — sin d 1 cos h 3 cos ft 
ft z - sm cl' sm h 3 + cos d' cos h 3 cos ft 

and if two unknowns, v and r, aie taken so that 

x 0 — sin v 

y 0 = — sm (d! — r) cos v 
ft zz cos (d! — r) cos v 

the equations determining ft v, and r are 

sin ft sm v -f- cos ft cos v cos r — cos a 
* sm ft sm v -)- cos ft cos v cos r — cos a 

cos h 3 sin 9 3 sm v + cos lu cos 9 3 cos v cos r -f- sin 7q cos v sm r — cos o 

horn winch aie derived 

_ sm h (ft + ft) 

sec o sm u zz 4 ) - 1 — It 

COS £ (ft — ft) 

sec a cos v cos r zz -° 3 f — ^4 
cos i (9,-9,) 

sec o cos v sin r zz — l —r- T i — cos lu cos *1 (^a_~h — 2 ft ) "1 

sm h 3 1_ cos J (ft — ft) J 

But since 9 1 and ft aie given by the equations, 

cos (ft - y) - Ap x zz A (i — ^ cos 2 cl' cos 2 9 ,) 

cos (ft — y) zz Ap 2 zz A (i — - cos 2 cl' cos 2 ft) 

2 

wheie ft — y is neaily 360 ° — ft + y, we shall have 

f” -j- 01 ”| 0 Q 

COS I y I COS ~ ~ 1 

r ft + ft n 

2 — ~ X = =F }AV cos 2 cV sin 2 y 


■=MH' 


cos 2 cl' (A~ cos 2 y -f- sm 2 


o] 


sm 
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As foi tlie ambiguous signs, they aie detei mined by the* following conditions Let 
it be agreed that the position of the polo, foi which g is less than 90°, is to bo found 
And as the equations ought not to be changed when the subscripts (1) and (2) aie 
interchanged, let 


be so taken that ft is in the hist cpiadiant, and let 


6 \ — [ — 

n= - - - 

1 


be taken m that quadiant which makes — i 9 , a small positive, 01 negativ e, angle, 

then 

Yn — y — j . I ~r' cos*® fl' sin 2Y 

when A is positive, and this expulsion atignionted l>v 1 So°, when i is negative, 
and 

cos ft — fttzA I” i — ^ cos’ d' (.1 ’ cos ’ y |-sin‘y) 
the ambiguous sign to be so taken that cos ft may be* positive The qunntitv 

fe a -f 0, \ 

cos l — — 63 ) differs from unity by a quantity of the oidei of A, which may lie 

neglected Moieover, h t and ft me neatly equal Thus, the equations determining cr, r, 
a.nd r take the simplei foi ms, 

sec* G sin v — sin J'" 
cos ft 


sec G cos v cos r — f 

cos ft 

' h — 6 

sec G cos v sin r — 1 — — 
cos ft 

Since 7 ij — /?is small, its square may be negleeled, and the equations gne 

g~ ft 

1' — y n 

< os y„ 

whence r is a small positive 01 negative angle The position of the pole of the circle 
is then given by tlie equations, 

( os <p, | cos S',, " — cos j' ( , sin (c/' — t) 
c*os cp H sin — sill y„ 

sm </>„ — < os y„ < os (d' — t) 

— Hi n 


4 V — PT II 
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If the distance of any point on the time-cuive from this pole be 
then o' -o may be taken as a sufficiently exact measiue of the enor 
oui method of di awing the cuive 


denoted by o', 
committed by 


But 


cos o' — XX $ + WJ o + ~~o 
c — cos ft sm 9 

y — cos cl 1 sin ft — sm dl cos 7i cos 9 
x = sm dl sm h + cos dl cos ft cos 9 


whence 

cos o' = cos h sm 9 sm y 0 + cos h cos 9 cos y 0 cos r + sm h cos y„ sm r 

or, as coa r may be put equal to unity, 

cos o' — (Jh — ft) sm ft + cos ft cos ( 9 — y 0 ) 

The quantity o' — o is composed of two parts independent of each othei , the fiist 
depending on the curvatiue of the cone enveloping the sun and Ycnns, and piopoi- 
tional to the quantity we have denoted by C , the second due to the non-sphoiu it\ of 
the earth and pioportional to e 2 These parts can then be determined sepaiately 
Fust, horn the equations, 

cos 7q =: ± (A + B sm \ + C sm 2 ft 3 ) 
cos ft ZZ A. 


is obtained, with sufficient exactness, 

l>i — ft = T (B+C sin ft) 


But 


thus 


cos h cos ( 9 — y 0 ) = ± (A + B sm h -f C sin 2 ft) 
cos = 


cos o ' — cos o — ± G sin ft (sm ft — sin ft) 

Secondly, fioni the equations, 

cos ft 3 = ± Ap 3 = ± A £ i — j (sm dl sm ft ± cos dl cos ft cos yf J 

cos ft — Ai A J^i — i e 2 cos 2 d'(A 2 cos 2 y -f- sin 2 y) J 
we find that the part of ft, — ft proportional to e 3 is 

ft, — ft zz~ ft coh ft |~ sm 2 if Mil ft -t Mil 2(1' cos ft cos y - cos 2 dl sm ft sm 2 y J 
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Also 


cos ft cos ( 6 ? — y 0 ) F 2 < '? cos 9 d' sm 2y cos 9 ft cos 7 i sm ( Q — y) 


= ±A 


o 

r _ c : 

2 


(sin. dl sm 7 / -f cos d' cos 7 i cos 


d ) 9 


— cos 8 d' sin 2 y cos 8 ft ,\/ (sin 9 ft — sm 9 7 /) 

cos ft cos 6 — A cos y — \/ (sm 9 /? — sin 2 7 /) sin y 

wheietlie sign of sm (G —y) must lie attnbuted to tlie radical ,\J (snr ft — sm 9 //) 
Aftei some i eductions it will be found that 

2 

cos o' — cos g — — (sin 9 d' — cos 2 dl sm 9 y) cos ft sm ft (sm ft — sin ft ) 


-| — sm 2d' sm y cos ft mu ft \ J (snr ft — sin 2 ft) 

2 

Uniting to this the term pi opoi tional to C, ive have the complete value 


cos g' — cos G 


— ^ (sin 3 dl — cos 9 dl sm 9 y) cos ft =F C J (sin ft — sm ft) sm ft 
+ sm 2<f sm y cos ft sin ft ,\J (sin 9 ft— sin 9 ft) 


It will be seen that this expiession vanishes when ft — o and when ft — ft, as it sliould 
Differentiating this expiession with respect to the vaiiable sm ft, in oidei to obtain its 
maximum value, we amve at an equation of the foiuth degioc in sin ft Hence we aie 
obliged to content, oui selves with a supenoi limit to the maximum value, winch, how- 
evei, foi pmctioal purposes, may he regaided as identical with it The fhsttemiof 
the expression has its maximum a nine when sin ft — l sm ft, and the second when 


sm ft — — \ — sin ft 

V 2 


Substituting these values m then lespeetive teims, we obtain 


G ' — G = yg (cos 2 dl sm 2 y ± 2 sm 2 dl sm y — sin 2 dl) sm 2 ft ± - bin ft 


where the ambiguous signs, m both cases, must be so taken that the laigest numerical 
value of the cxpi ession will ho obtained Replacing e 9 and C by theii values, and taking 
for the factoi which involves dl and y the gieatest, value it can have, it results that 
g‘ — g cannot exceed 


i T sin ft + 2' sm 2ft 

and the maximum value of this with regard to the vaiiable ft is less than 12' Having 
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regard to the scale on which the charts have been constructed, this quantity may be 
considered as within the unavoidable errors produced by imperfection of drawing. 

It is worthy of remark that, in our method of drawing the curves, the error is only 
a fourth part of that which results from neglecting altogether the curvature of the 
cones enveloping the sun and the planet, as has generally been done in treatises on 
practical astronomy. 

The investigation of the error in the case of the second class of curves differs 
somewhat from that of the first class, on account of yd not being constant for all points 
on the curve. The equations determining g and the position of the pole are 

sin cp x sin y > 0 -j- cos q> x cos <p 0 cos (m x — co 0 ) — cos a 

sin <p 3 sin <p 0 -f cos <p. 2 cos cp 0 cos (co. 2 — co 0 ) — cos o 

sin <p 3 sin cp 0 -)- cos go 3 cos <y 0 cos (co 3 — ® 0 ) — cos o 

where 

co x — A" — — sin ( 0 X — y') — 3-d 
n 

co.-, rr A" -j- — sin ((9, — — S-fr 

n 

co 3 =A"-y :t 

If we put 

(} — sin (i9j — /) — ± V (i — A'*) 
n n 


co 0 — A" — S-'n 

g is a small angle, whose square may be neglected, and the equations, using the nota- 
tion given in the case of the first class of curves, take the shape, 


Put 


(hi + gyi) %o + Oi — gxi) z* = cos g 

( X -2 fJ;Jz) *0 + (lf-2 “h g x i) !h d - h; ~0 — COS G 
*3 X 0 + Ui !/o + ~ y 3 *0 = COS G 

— 0 X — g sin d' 

& 2 — 6 2 -\-g sin cl! 


and, as r is here also a .small angle, making cos r — i, the equations, using the same 
notation as before, become 

sin B\ sin v -f- cos 6\ cos v — cos g 
sin Q\ sin v + cos 6\ cos v — cos o 
cos h 3 sin B z sin v -j- cos Ji 3 cos 9 Z cos v sin Ji 3 cos v sin t — cos g 
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These are entiiely similar to the analogous equations lor tlio fiist class of cuives 
Hence the opeiations lieie being identical until tliose of the foimei case, it will bo 
necessary to note only the final lesults If 


Yo — y' — i-1 V i os J d' sin 2 y' 

when A' is positive, and this expiession augmented by iSo° u lien A' is negative, and 
cos ft — ± A' £ i — ~ cos 2 iV (A'~ cos 2 ;/ + snr /) J ± (i — A') sin d' 
the uppei 01 lowei signs being taken so as to lender cos f3 positive, then 


C = f3 

T _ 7>i — ft 
cos y u 


and tlio position ot the pole ot tlie ouch* is given by the equations, 

cos <p 0 sin = sin 
cos <p„ cos = — cos Yn sm {(V — r) 
sin cp n — cos Yo cos (jV — r) 

— A" — J&'„ 


To deteimine the enor of lepiesentmg tins class of ciuves by oncles of the splieie, 

cos & — sin cp sm <p 0 -[- cos cp cos cp 0 cos (t» — io 0 ) 
co — A" — ~ cos li bin — y') — 

whence 

cos o' — t r 0 + ////„ + -1- ^ cos It sm (0 — y')(>/i 0 — i?/ (1 ) 

=:(//, — ft) sin h -f cos li cos (0 — y„) 

+ ^ / \/ (sin 2 ft — sin 2 h) [cos d' sm yo sm h + sm dl cos h bin (0 — y u ) J 

— (1*3 — ft) sm It -f- cos k cos (0 — Yo) i -- sm d‘ (sin 2 ft — sur li) 

7b 

rfc ~ cos d! sin y' sin It \f (sm 2 ft — sm 2 It ) 


■PT 11 
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where the upper or lower sign is taken according as A' is positive or negative, and the 
sifm of sin ( 0 — y') is assigned to the radical 

x / (sin 2 ft - sin 2 /<) 


The part of cos o' — cos 


o which involves the factor £- will be found to be 

■n, 


dz — sin d' sin h (sin ft — sin li) 
ft 

-t — cos if sin y 'sin h \ / (sin 2 ft — siir h) 

n 

The part proportional to e 2 is obtained from the analogous expression in the case 
of the -first class of curves, simply by changing y into y', and thus is 

c - (siir r V — cos 2 d' sin 2 y') cos ft sin h (sin ft — sin h) 


-j- — sin 2 ( 1 ' sin y' cos ft sin h (siir ft — siir h) 


Combining these two parts, we have 


cos o — cos o 


^ (silic- 


ons 2 d' sin 2 /) cos ft ± — sin dl (sin ft — sin h ) sin h 


' (sir 


o / 

+ — sin 2 d' sin y' cos ft 4= ^ cos d' sin y 1 sin h ,\? (sin 2 ft — sin 2 It) 

Deriving a superior limit to the maximum value of o' — o by the same method as 
in the former case, it is found to be, with regard to the variable It, 

o'.— o — — (sin 2 d! dz 2 sin 2d' sin y' — cos 2 d! siir y') sin 2ft 


db (sin d' dz 2 cos df sin y') sin ft 

where the ambiguous signs must be taken so as to make the numerical value of the 
expression the largest On substituting the numerical values of d! and y' } it will lie 
seen that the term proportional to e 2 has - no appreciable effect in augmenting the maxi- 
mum value of o' — o, which is found to be iS'. 

POSITIONS OF POINTS OF THE CURVES. 

The positions of the points needed for drawing the curves are given below’ : for 
the two points on the horizon h — — 35'; and for the point of maximum altitude, the 
value of this quantity is given in the last column. 
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I — Extn toy Contact at Jncji < _s s 
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II . — Interior Contact at Ingress. 
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EXPLANATION OP THE CHARTS AND THEIR USE. 

These charts aie the development, by the stexeogiaphic piojection, of a spheie 
one foot m diameter The center of each chait is in latitude 2 2° 54' south, and the 
boidei is at the distance of ioo° fiom this zenith The eliaits aie so placed in longi- 
tude that the illuminated hemispheie, at the time of contact, may occupy the cential 
portion of the cliait The longitudes, which aie noted along the equatoi, aie counted 
westerly from the meiidian of Washington , and, to avoid the inconvenience of 1 epeat- 
ing the same figuies as eastern longitudes, which might give lise to piovokmg enois 
in the use of these chaits, the numeiation has been canied beyond 180° up to 360° 
The latitudes aie noted along the middle meiidian The small ei islands of the Pacific 
and Indian Oceans have been indicated on the chaits only m those legions which aie 
favoiably situated foi obseivations for dotoi mining the paiallax , and no geogiaphical 
names have been placed on the chaits, except the names of a few piincipal cities and 
towns and islands 111 the same legions 

As to the cmves delineated on the chaits, one will notice, fiist, the continuous line 
in black limiting all the otliei bioken lines, and on which is msciibed “Contact on the 
hoiizon ” At all points on tins lino the phenomenon of contact, mentioned in the title 
of the cluut, will take place m the hoiizon , that is, the point, of contact common to the 
limbs of Venus and the sun will be in the hoiizon As stated above, the hoiizontal 
lefi action has been allowed for in determining the position ot this cuive This curve; 
then, limits the part of the eaith’s suiface in which the phenomenon is visible At all 
points on the curve to the light, of the middle meiidian of the cluut, the sun will he 
setting at the time of the phenomenon, and at all points to tho left it will be lising 

At any station within this curve, tho altitude of Venus and the sun will be appiox- 
lmately equal to the aie of a gieat circle diawn fiom the station to meet the curve at 
light angles On each chart wall be found a “ Scale foi altitudes ” If, having plotted 
any station on the cluut, we measuie, with a pan of dividers, tho shoitost distance to 
the cuive of “Contact on the hoiizon,” and then apply this distance to the scale, we 
shall get the altitude of tho point of contact, with an enoi of not more than j°, 01, iu 
extreme cases, 1°, an appioxnnation sufficient for the puipose of estimating the extinction 
of light The scale is limited to 30°, as, beyond this point, the extinction of light is not 
ofimpoitance • 

The azimuth of the fiomtof contact, diffeimg but little fiom that of the sun’s centei, 
may be estimated fiom the chait by thawing a line fiom tho station to the cential point, 
of the chait, which lies on the middle meiidian in latitude 22 0 54' south, and measui- 
ing the angle which this line makes with tho meiidian of the station To avoid drawing 
tins meiidian, we may take points in the same latitude 011 the two nearest meiidians, 
find the azimuth at each, and then, by interpolation, the azimuth at tho station 

One will notice, next, the dotted lines in blue At all points, on each of those, the 
phenomenon of contact takes place at the same instant, the conesponding Washington 
mean time of which is noted at the light-hand exticmity of the line It will ho noticed 
that tlieie is an intei val of one minute between the times coiiospondmg to the fiist, five 
and last five ciuves on the cliait, but that elsewhcie the mteival is two minutes In 
addition to these curves, the positions, situated on the ciuve of “Contact on the I101- 
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lzon,” wlieie the phenomenon of contact makes its fiist, and last appearance on the 
earth’s smfaee, aie indicated, as aie also the times of their occiuience 

In the legion ciossed by the cuives passing tlnongh the eeutial pa it of the fliart, 
wheie the mteivals between the successive cmves aie nenily equal, one will ha\e no 
difficulty m inteipolating between them Having plotted the station on the cliait by 
its given longitude, counted west fiom Washington, and its latitude, eoncene <i line to 
be diawn thiough it, peipendiculai to each of the adjacent curves, and, having ascei- 
tamed the piopoition of the paits into which the station divides this line, find the time 
which divides the mtexval between the times belonging to the adjacent dines m the 
same latio This will be the Washington mean time of the contact at the station 
Subti ac tin g fiom this the longitude west fiom Washington, conveited into tune, one 
will get the local mean time of contact It may be well to notice hcie that, in Fastei n 
E ui ope, Asia, Afiica, Austialia, and New Zealand, wlieie the time lias been armed al 
m going eastwaul fiom Eui ope, the tiansit occuis, m civil time, on Decembei 9, bill 
that in the Sandwich and otliei islands of the Pacific, whole the tune has been aim ed 
at m going westwaicl fiom Ameiica and Em ope, the tiansit occuis on Decemhoi 8. 

In the legions neai the points of fiist and last appeal a/nce of contact, mteipolntion 
between the cmves is moie difficult, owing to the iireguhuity of the infei \ als A sal is- 
factory lesult, howevei, can he obtained fiom using the pinuiple that the mt<‘i\al 
between the times, coiiespondmg to two time-cuives, is nenily pioportionnl to the 
chffeience of the cosines of the maximum altitudes, at which contact occurs on these 
cuives This is best lllustiated by an example Let it, he loquued to find the time of 
mteiioi contact at egiess, at Khiva, 111 tho region east, of the Caspian Sen On relei- 
nng to chait No 3, the time is seen to lie between 12 11 59™ and 13'' o'" Fiom the 
tables given above, we find that the maximum altitudes at which contact occuis on these 
time-cuives aie, lespeetively, 26° 50' and n° 45' Interpolating between these, as 
111 the piecechng case, we shall find that the maximum altitude of the time-eui ve which 
passes through Khiva is about 23 0 S' Then the required time is given by the follow - 
mg expression 

1 2 h so” 4. cos 23° S' -cos 26° 50' 

~ cos II 0 45' — cos 26° 50' A 

and this is J2 11 59“ 19 s When the station at which it is debited to find the tune oi 
contact lies within the first 01 last time-eui ve drawn on the qhait, the point of first 01 
last appeal ance of contact on the earth’s surface, with its associated time, takes the 
place m the mteipolation of one of the time-curves The enor of the tune of contact, 
derived in this way, ought not to exceed 5 s However, for stations in the central po- 
tions of the chart, it may sometimes he a little more In this enor we must bo undei- 
stood as including only enors of drawing, plotting, and measunng upon the chart, and 
not errois m the elements, on which the computations for the charts have been based, 
the effect of which may be veiy much laiger 5 

One will notice, lastly, the dotted lines in led At all points, on each of these 
contact occurs at the same point on the sun’s limb The angle of position of this 
point, counted fiom the north point of the limb towaid the east, foi the two charts 
w c le ong to the ingress, hut toward the west for the two winch belong to the 
egress, is noted at the left-hand extremity of each curve The interval between the 



37 


angles, con esponchng to two adjacent cmves, is uniformly 20' The angle of position 
of the point of contact, foi any station, can be found in pic< lsely the same manner as 
the time fom the timc-cuives The gieatest and least angles of position of the point of 
contact wlncli occui on the ciuve of “Contact on the hoiizon” aie not noted on the 
chaits As they may be needed m mfeipolalion, I gave them licie 
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TABLES AN I > KOKMUL/E FOB C'OMI'IITINO TIMES OE CONTYOr 

As 11101 0 aceuiAte values of the times of contact maybe dosned than can be 
denved fiom the chaits, tables of data, entuely snnilai to the data foi sol, 11 eclipses 
given in the Amencau Ephemeiis, aio heie appended 
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75 (>72S 

1 29S6 

192 51 8 

45 

S 6686 

75 7152 

T 2562 

193 6 7 

46 

8 8313 

75 75/6 

I 2138 

193 21 7 

47 

S 9941 

75 Sooo 

I 1714 

193 36 7 

4S 

9 r 56S 

75 S425 

I I2S9 

193 51 (> 

19 

9 3 I 9 6 

75 SS49 

1 0865 

194 6 6 

50 

9 4S23 

75 9273 

I (Mix 

194 21 6 

5 i 

9 6450 

75 gfiQ 7 

1 0017 

194 36 6 

52 

9 8078 

76 OI 2 T 

0 9593 

194 5 i 5 

53 

9 9705 

76 05^6 

0 916S 

195 0 5 

54 

10 1333 

76 O970 

0 S74 ( 

195 21 5 

55 

10 2960 

76 139 * 

0 S320 

195 36 4 

56 

10 45S7 

76 iSrS 

0 7896 

195 Si 4 

57 

10 C215 

76 2242 

0 7472 

196 0 4 

58 

10 7842 

76 2665 

0 70 19 

196 21 3 

59 

10 9470 

76 3089 

0 6625 

196 36 3 

13 0 

11 1097 

76 3513 

0 6201 

196 51 3 

13 1 

— ir 2721 

+ 76 3937 

- 0 5777 

197 6 2 
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IV — Ei to io) Contact at Eg) 


Wash M T 

A 

B 

a 


h m 




«■ 

13 7 

— 12 24S9 

+ 79 2SS9 

- 2 9645 

19s 

8 

12 4117 

70 3313 

2 9221 

19S 5T 

9 

12 5744 

70 3736 

2 S79S 

190 6 

10 

12 7372 

79 4160 

2 S374 

I99 2T 

11 

12 9000 

70 4584 

2 705 ° 

100 35 

12 

13 0627 

70 5007 

2 7527 

190 50 

13 

13 2255 

79 5 131 

2 7103 

200 5 

14 

13 3SS2 

70 5 S 54 

2 66S0 

200 20 

15 

13 55 io 

70 627s 

2 6256 

200 35 

16 

13 713s 

79 G701 

2 5833 

200 50 

17 

13 8765 

70 7125 

2 5409 

201 5 

18 

14 0393 

70 7548 

2 49S6 

201 20 

19 

14 2020 

70 7072 

2 4563 

201 35 

20 

14 304s 

70 8395 

2 4139 

201 50 

21 

14 5276 

79 8SlS 

2 3716 

202 5 

22 

14 6903 

79 9242 

2 3292 

202 20 

23 

14 S531 

79 9 tt >5 

2 2869 

202 35 

24 

15 015s 

So 00S9 

2 24 15 

202 50 

25 

15 17S6 

SO 05T2 

2 2022 

205 5 

26 

15 3414 

SO O935 

2 1599 

203 20 

27 

15 50 |I 

So 135S 

2 II76 

203 35 

28 

15 6669 

So 17S2 

2 0752 

203 50 

T3 29 

— 15 8296 

+ So 2205 

— 2 0329 

201 5 


The other quantities needed foi the computation may be token to be .onst.mt lot 
each contact, and have the following values 



log E 

log F 

I 

9 96323 

9 96562 

II 

9 96323 

9 9655s 

III 

9 96311 

9 96546 

IV 

9 96307 

9 96546 


logG 


ng 59G32 
01 g 59629 
11 9 59 6 97 
«*9 597iS 


10 rrfl 


11 9 5S290 
9/9 58312 
«9 58382 
*9 5S379 




■ 27 087 

■ 27 09 r 

■ 27 122 
• 27 127 


n mil <" 

+ 7 177 
1 7 16) 
-I- 7 070 
I- 7 057 


B\ and O are respectively the variations of A, B, and C m one soeoml -.in! 
aie expressed in units of the fourth decimal place ’ ' ' 
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INTRODUCTORY NOTE. 


When the problem of utilizing* the observations of oecultations at the several Transit 
of Venus stations, so as to determine the longitudes of those stations with all. attainable 
a, ecu nicy, was presented to the Commission on the Transit of Venus, it was found noces- 
c ^ saiy to make a caieful determination of the errors of the lunar e phonier is before an 

entirely satisfactory solution of the problem could be attempted. The Secretary of the 
Commission was therefore charged with this work, most of the computations on which 
have been made under his direction by Mr. X). T. Todd, computer for the Commission. 

Washington, May 25, 1876. 
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CORRECTIONS TO BE APPLIED TO HANSEN’S TABLES 

OF THE MOON 


§ 1 

INVESTIGATION OF ERRORS OF LONGITUDE 

One of the most important operations m cotinei lion with the observations of the 
transit of Venus is the accuiate determination of flic longitudes of the stations Many 
of these stations aie so far lemoverl fiom telegmplnc communication that the longitudes 
must depend mainly on the moon Determinations of longitude lion) moon culmina- 
tions aie found by experience to be subject to constant oil or s which it is difficult to 
determine and allow foi It was theiefoic a part ol the policy ol the Atnenoan Com- 
mission to depend on occupations latliei than upon moon culminations for thcdoteimi- 
nation of longitudes The reason foi this coutsc is, that the disappcaiance ol a stai 
behind the limb of the moon is a sudden phenomenon, the time of which can always be 
fixed within a fi action of a second If the ephemeusot the moon and slat weic col- 
lect, and the disk of the foi met a pci feet cucle, the longitude could be detennined 
fiom the occupation with the same dcgiee of accmacy that the phenomenon could be 
observed The question arises, how fat these somcesof enoi cair bo diminished The 
inequalities of the lunai suiface foim a souice of etioi which it is impossible lo avoid, 
but winch is comparatively innocuous when many obsei vations me made, since Hie 
eriois will be puiely accidental, and will Ihcrcfoic be eliminated fiom the mean o( il 
gieat number of observations 

The posrtron of the star can be determined by metulian observations with almost 
any requited degiee of accutacy We have, then, only to see how I.u the enois of the 
lunar ephemet is can be diminished, and to t educe these enois lo a minimum is the 
object of the present papci 

Hansen’s tables are taken for this puiposc, because theie is leason fo believe Unit 
the .perturbations on which these tables are founded me, in the main, extremely 
accurate, moie accurate and complete, m fact, than any others which have been 
tabulated Still, before they can be used for the puiposc in question, a number of very 
important corrections are rcquiied, which we may divide info two classes, — eoueelious 
to the theory, and to the elements 

It is well known that Hansen increased all the peiturbations of his tables by the 
constant factor 0.0001544, on account of a supposed want of coincidence between the 



8 


centet of figuie and the center of giavity of tlie moon I have shown that Hansen 
fails to sustain this position, and that theie is no good loasou to suppose that the moon 
difteis fiom any othei of the heavenly bodies in this inspect * Out fiist com so would 
theiefoie be to diminish all of Hansen’s inequalities by this bietoi, weie il nol Unit theie 
aie leasons why each ofthe two gicatest peitui ballons of the moon’s motion, — the over- 
turn and the vai mtion, — should be found Iai get fiom obsei vation than he loiind them bom 
theoiy 

Emotion The evcction basilic eccenlt icily as a iactoi , the value ol thoollioi 
faetor being neailyo4 If, then, the adopted ccccnlticily of the moon be 01 loiirnus 
the computed evection will be cnoneous by foui-tcntlis the amount ol the cum Now, 
by lefeience to Hansen’s “Dailegung da llieoietachen Bet ethnuug do m den ) londta- 
teln angewandten Sto, ungen " f (page 173), it will be seen Unit the o< rent 1. city adopted 
tlnoughout 111 the computation of the pciluibations of the moon is less by 00000073 
than the value he finally found fiom obsei vat 1011, and adopted in the tables Had he 

used the latter value, the theoietical evcction would have been gieatei by the iiurtimi 
OOOOO73 m i 

^>549008 — 0,0001 33 f he fad 01 actually used being 0000 15 44, the election, thus 111- 

ci eased, is too laige by only 0000021 of its entile amount, 01 o" oc, House, pient Iv 
the tabulai coefficient of evection should be diminished by this amount Pier.selv Ihe 
same icsult follows, ,f wc adopt Hansen’s view of a sepn.nt.on ol the eente.s ol hgme 
and giavity ot the moon, and Ilanscn himself is led to it on page 175 ol the vvoik , ffed 
only instead ot o"o 9 , he says, “kem voiles Zelmthcil emci Sccm.de” 

Vai latum —That the oooftc.cnt of vm.nl, on insulting mom ,l,.so,valmn» 

Wi be gieatei than the actual coefficient may be anticipate,! Iiom Hie 

o'ctlnl T , T M, " >n Jltal " S lts m ' ,v "" d minima 

octants In the fiist octant, vve have a inaununn The elongation „i ||„. 

tho sun is II, en about 3"; ami the obseiveil position ol (be moon ,s mainly dope,, „„ 

obsei vat, mis of the fiist limb made thodaytiinc.vvl,™ the appiuonl senii-diamele, „l 

he moon tv ,11 be diminished by the l.ulliancy nf the sauoundmg sky cunt „ 

tins diminution ol the appaient semi-diametci being taken m tho II, e 

f.r t oo er c ,b ' appl,ed ,s 100 '" ,gc ' an " t,,e “ "*■“ ™ »" rj 1:::: 

When the moon reaches the thud octant the vai up nf , 

rhwlJeUieT 11 then , tianSlt 1 S at 9 ’ 1 ’ ond th « observation 1^ (I,* 

the ra ,“s 

ascension will be too small 0 th “ t tho <>l>s<‘rv.-U , Iglit 

The same causes will make the observed no-hi .v.™ 
octant, and too small m the seventh These positive and °° 8 '°“ t tl,e . 
nglit ascension conespond to the times of ' “a nCSat,ve °' ,0,R of 

111 mcieasing the longitude of the moon Therefmc tbs “i!"™* 1 ? effects of van “ | K>" 

»PP»- 

of Scieuce, November, 1868 0emeot of S>oieaoe, 1868 -Stillman’s Am^tuJonin tl 


Band 


iischuHtin 
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lently be laigei than the actual variation, whatever this may be This seems a much 
more natural and probable cause for the appaicnt excess of the observed ovei the theoicti- 
cal perturbations than that assigned by Hansen Hansen’s factor only increases the coeffi- 
cient in rprestion by o" 33, but it seems probable that the variation derived from obser- 
vations alone would be yet largei than Hansen’s mcieased vai nitron. In fact, 111 1867, I 
found, by companng the ertois of the lunar epbemeiis when the moon culminated at 
different times ot the day, that the effect of the gieatci 11 radiation at night was very 
shongly niaikcd Dining the tom yeais 1862-65 the meaneiiois ot the tables in 
light ascension at diffeient times of day wcio as follows * 


8 . 

Be foie sunset . . . , — o 154 

Alter blight daj light in the evening. — o 093 

BeJoie blight daylight in the 11101 mng. . -f-o 091 
After simiise . .... .. -)-o 153 


In the difference between the insults I01 ea< li limb, the elicit of mcieased irradia- 
tion seems to bo o fl 06 

The only lemainnig tenn which is huge enough to he mntennlh iilleeled by the 
increase 111 question is the animal equation, ot which the mcicase is o" 10 

A glance at the cnois ot Hansen’s tables, given by mondial) ohsei vnl 1011s, will show 
that the ci 101s about the tune ot lust quailci, and, indeed, (lining the fust halt of the 
lunation, aie m the mean less by between 3" and 4 " than dining the second half 
lienee, off hoi the semi-diainetei, 01 the paiallactic equation, 01 both, me too huge The 
paiallactic equation used by Hansen conesponds t,o a value 8" 916 foi the sohit jraiul- 
lax, which value is too huge by piobably not mueh less than o" 10 The Jesuit 
w'hich I deduced 111 1867 from all the ically valuable data extant, was 8" 848 , ami the 
deteimmations wlmh have since been made, whim levised with the best data, seem to 
indicate a diminution of this value rather than an mcicase These indications me, lmw- 
e\ei, as yet, a little too indefinite to predicate anything upon I shall tlrereloie con- 
tinue to use 8" 848, which w ill dimmish Hansen’s value by o".o68 Tim corresponding 
(li munition in the principal paiallactic tenn will ho o" 96, while there will he two oUkm 
terms to lecoive a smaller diminution 

This collection will still leave a dilfeicnieol about 2" between the insults from 
the first, and second limbs, which will he accounted for by an error o( \" in the adopted 
semi-diamcfei This collection to the semi-diametei is a pi ton quite probable, as the 
nnpioved mendun instruments of the piesenttime give a senn-diamctci of the sun 1" 
less than the older ones horn which the diameters adopted 111 om ephemeudes were 
derived It is to he expected that the semi-diameter of the moon will exhibit a sim- 
ilar apparent diminution 

From a note in I hausen's Dai legtwg (page 439), it wall he seen that one of the tei ms 
111 the true longitude has cicpt into (he tables with a wiong sign As employed m the tables, 
and given on page 1 5 of the introduction, it is, -f o" 335 sm (2 g — 4 g' + 2 m— 4 go’) 

As levised m the Dai tegung, it is 0 " 285 sin 


Therefore the tables need the coriection. 


— o" 62 


sm 


2m 


* -Investigation of the Distance ot the Sun, p 24 
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The following is a list of the corrections we have so far deduced to Hansen 1 , s (aides. 
They should in strictness be applied to the mean longitude, or “Argument JondamcntiiJ", 
but they may without serious error be applied to the true longitude. 

Put 

D, the argument of parallactic inequality, or mean elongation of the moon front 
the sun ; 

g, the moon’s mean anomaly; 
g', the sun’s mean anomaly ; 

co, the distance of the moon’s perigee from the ascending node ; 
co', the distance of the sun’s perigee from the same node. 

We then have 

D = g — g’ + GO — Gi)', 

and the corrections in question are, 

// 

-f- 0.96 sin D 

-j- O.O 7 sin (D — g ) V Parallactic term#, 

— 0.13 sin (Z> g* ) S 

4" O.O 9 SHU g / A nnual equation. 

■— O.33 sin 2 D Variation. 

— 0,10 sin (2D— g) Evecticm, 

O .62 sill ( g 2 Z|. g 4“ 2 CD — z|. Gi) / ) Accidental error. 


. Tlie fourth and flfth terms of this expression have the effect to remove the increase 
winch Hansen applied to his inequalities on account of the position of the center of 
gravity of the moon, while the sixth is the result of the slight error of the eccentricity 
which he employed in computing the -coefficient of evection. 

In comparing with meridian observations which have been reduced without any 
correction to the apparent semi-diameter depending on the time of day, ( lie correction 
of variation, may also lie omitted, since a yet larger apparent correction, Laving 

site algebraic sign, will result from the apparent variations oftbat semi-diam.do os 
already explained. ’ 

As regards the possible corrections to the elements of Hausen’s tables, it is to be 
leniaiked that that investigator did not avail himself of the elements of the lunar orbit 

his final ((lue" ofT* 1 J 6 Greenw,ch observations between 1750 and 1830, but obtained 

If the observation^ ih ^ 4 V “T™” ° f Ws 0Wn * 0f tlie ««*•« and extent 
1 the obseuati ns thus employed, we have no details ; but it is not likely that more 

=: w kr-ih;;;,: 1 ' c r ^i ) ^T; <! :’:r^n!. 

rj.xjx x ** 'z 

pe ri gee and node as derived by Hansem XtS 
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what connections to Hansen’s elements aie indicated by the leccnt observations ot Ihe 
moon made at Greenwich and Washington sitae 1862, a pound dining which both 
seucs of observations aie caictully lompatcd with Hanson’s tablos 

The general ideas 011 which thepiesent investigation ot these collections is based 
are these the enors of the moon’s tabulai longitude are ot two classes, — a pioyiessive 
collection, which appatently nicieases uniloimly with the tune, andeirois ot shoil 
pcuod, the piuicipal ones of which go tlnough then peiiod during one icvolution ot the 
111001101 less In detei mining the euois ol the hist class fiom obseivation, those ot 
the second class may be legal ded as accidental euois, the etlect ol which will be elim- 
inated tioin the mean ot a Luge nuinbei ol obsei vations Since, 111 a senes ol obsei va- 
tious extending tlnough a nuuibei of yeais, the maxima and inimina of each temi of 
shoit peiiod will fall liidiscninmately into <ill pails ot all flu* othei peuods, each peiiodio 
collection may be detcunincd as it the etleets ol the othei s weie puiely accidental 
euois At the same time, as the elimination ol each pet iodic euoi I10111 the maxima 
and minima ot all the otlicis cannot be complete in any tunic time, it is dcsnable that 
each peiiod lc collection ot sensible magnitude which we can detei mine bctoieliand shall 
be applied to the 1 esiduals befoie the lattei aie used to deteimiue the collections to the 
elements 

The collections ot the elements ol longitude have been made to depend pi ineiptilly 
upon the obsPived light ascensions, instead ol lediumg the obsened euois of light 
ascension and polai distance to euois ot longitude and latitude The icason lot tins 
coiuse is, that the appaient euoi s ol point distance, attei eoi iei ling them appioxunatcly 
toi euois ot the elements easily detei mined, will atise piimip.illy limn euois of obset- 
vation, and not horn euois of the tables In tael, (lie obsei vat ions ol the moon’s decima- 
tion aie sometimes aflected vvitli accidental euois ol a magnitude which it is difficult to 
account ioi, especially 111 the case of Washington Giantmg that the moon moves in a 
plane the position ot which can be vciy aeematedy deleumucd, we have atlerwaul only 
to detei mine the moon’s position 111 that plane, and this can he done J10111 an obsei veil 
light ascension almost as well as it w'c had a dnectly absolved longitude The longi- 
tude thus detei mined will be less lilvely to he atleeted with systematic euois than it wo 
suppose the position entnely unLuown, and change the euois ot light ascension ami 
declination to euois ot longitude and latitude, without icg.iid to the possible constant 
euois of the ineasuied declinations 

Foimulai loi expiessmg the longitude mid latitude of the 1110011 in teiins of the 
lunat elements aie given by llanson in a posthumous memoir* The following twins 
aie sufficient loi oui piesent pin pose 

Put 

/, the moon’s longitude 111 oibit, 

6, the longitude ot the ascending node, 

1, the inclination of the oibit to the ecliptic, 
a, S, the moon’s light ascension and declination, 
co, the obliquity of the ecliptic 

* Uoboi die Darotellung dor guidon Aufstoigiuig uml Abwoichung dos Moiulos inFiiiiction del Lange in dn Halm 
und der KnofconUnge Abbandlungen doi Ivonigbch-S.iobaiacheu GobellsUiaft del Wioseiisobalten, lid x, No vm 
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We then have, approximately, 

a — l — 2°. 5 sin 2 / — i°.i sin (2 / — 9 ) i°.i sin 0 
sin 8 — sin a> sin l -j- cos 00 sin i sin (/ — 9 ) 
zz 0.40 sin l -f- 0.08 sin (7 — 9 ) 

The differential co-efficients derived from these expressions are, 

da , , n 

-jj- — 1 — 0.037 cos (2 1 — 9 ) — 0.087 cos 2 l 

s] /y 

— 0.01 8 cos 9 -f o 018 cos (2 l — 6 ) 
ad 

da . „ . , 1 .. 

-jr- — 0.21 sin 6 — 0.21 sin (2 l — 9 ) 

(IS 

cos 8 - - 0.40 cos / + 0.08 cos (l — &)• ■ 

— (0,40 + 0.08 cos 9 ) cos l -f- 0.08 sin 9 sin l 
cos 8 ~ — — 0.08 1 cos (/ — 9 ) 

o . ( 1/8 1 . . A , 

cos o _ ^ 0.92 sin ( l — 9 ) 

From the first three formula, it will be seen, that the mean error in right ascension 
is very nearly the same as the mean error in longitude; the periodic corrections being 
supposed to be eliminated from this mean, 

I he investigation of the corrections from observations is now made as lidlows : 
All the apparent errors of the tables derived from the meridian observations at Green- 
wich and Washington since 1862 have been collected, arranged in the order of dales 
and the mean taken for each year; observations of the separate limbs being kept sepa- 
rate, The mean error in right ascension for each year is as follows: 

Apparent errors of Hansen's tables in It. A. 


Greenwich. 


Washington. 


II- Mean. 


•4 + 5 

••4 +6 


+ 5.1 + 7.8 

4- 6.2 + g.6 

4 6.9 +10.2 

+ 7.1 +10.8 


— 3.6 — 0.6 -"'2.1 

— 2.3 +O.5 --0.Q 

* * + 1.8 + 0.4 

6 0.0 + 3<4 + I>7 

6 + 1.0 + 4.0 + 2.5 

4 + 2.4 + + 4.x 

2 +2.5 + 6.2 +4.4 

0 + 3*4 + 6.5 +4,9 

6 + 4.0 + 6.9 + 5.4 

7 -i-5.2 + 8.0 + (,6 

4 4- 6.1 + 9.2 + 7> 6 

3 4- 6.9 +10.2 + 8.6 

7 4- 7.6 +11. 1 + 9.4 


I he lust column cxliijbifsi clip nmvirnnt -t i i . 

6 t l> ‘ Uei ' t t * bl,Iar eiT0rs >" “««■> ri*M ascension, „,„1 
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theietoie in mean longitude, as denved eachyeai fiotn all tlie obsei vatious Thu .sudden 
appaicnt alteiation ot neaily one second per annum in the mean motion ol the moon, 
exhibited iu this column, seems to mo one ol the most extiaouhnaiy ol astionomieal 
phenomena; but, as I have discussed it m seveial papeis duung the last live yeans, 1 
shall do no moie heie than call attention to its continuance, and to the impossibility ol 
lepiesenling it by any small numbei of pcnodic tei ms without mtioducmg discoidanees 
into the longitude duung pievious yeais 

It will be seen that theie aic discoidanees between tin' insults ol tin* two obsei va- 
tones, sometimes amounting to rnoic than a second In detoi mining the collections ol 
slioit pci iod, it is desiiahle to i educe the systematic cnois extending th tough each 
yeai to a minimum, the question whethei such cnois aic in the thorny oi the obsei va- 
tions being mdiireient It is also desiiahle that in taking the mean ol the lcsults ol the 
two obsei vatones, they should he made compaiahle with each otliei by collecting cither 
of them loi the systematic dilleiciue Tliesc collections, of couise, only admit ol 
approximate dctei munition, and they have been applied each yeai to that obsei vatoiy oi 
that limb of the moon m which, judging lioin the deviations liom umlorm piogiossioii, it 
was judged most likely that the discoidanee existed The lollowuig aie the collections 
actually applied to the several classes ol tabula 1 emus 





_ _ 


“ 


Giccnwah 

W Islington 

Yea i 

— - 

- 

— 




1 

11 

I 

II 


s 

s 

s 

s 

i 862-63 

+ 0 06 

+ 0 06 

0 

0 00 

j SO4 

0 

0 

0 

0 

1S65-68 

Q 

0 

0 

— 0 04 

1S69 

0 

4- 0 06 

0 

1 - 0 04 

1S70 

-h 0 06 

0 

0 

— 0 04 

1S71 | 

0 

0 

0 

0 

1S72 

0 

0 

0 

— 0 04 

1S73-74 

0 

0 

0 

0 


Having applied these coi reckons thioughout then seveial yeai s, the C! lecuw ich 
and Washington obsei valions wete consuleied stuetly compaiable, and when the moon 
was obsei ved at both obsei vatones on the same day, the mean ol the collected tabulai 
errois was taken The mean outstanding tabulai enoi foi eachyeai now becomes as 
tollow's 


\eai 


(U 

\ e.u 

(U 


1862 

— 

2 I 

1866 

4 - 2 

2 

1863 

— 

09 

1867 

+ 3 

8 

1864 

+ 

04 

1868 

+ 4 

1 

1865 

+ 

I 4 





\oar 

»W 

n 

^ 0<tL 

(U 

1869 

+ 5 1 

1872 

+ 73 

1870 

+ 5 6 

1^73 

+ 8 6 

1871 

+ G 6 

iS 74 

+ 9 7 


These quantities, with the sign changed, should be consuleied as collections to the 
fundamental aigument, and we have to detenninc the conesponduig collection to the 
light ascensions which aic to be applied to the individual tabulai cnois To induce 
them to collections of tiue longitude, they ate to he multiplied by the lactoi 


x + 2 e cos g = i + o 1 1 cos g 
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TIi e' corresponding factor for correction of right ascension is, with sufficient approx- 
imation, 

( 5 a — (i + o.i i cos g — 0.04 cos (2 1 — 6 ) — 0.09 cos 2 /) <5 A 

In this formula, <54 represents the correction to the mean longitude, while we may 
suppose l to represent indifferently the mean or the true longitude ; and, during a period 
°f several mouths at a time, we may represent the longitude as a function of g. The 
value of da has been reduced to a table of double entry as a function of g and of the 
time. To express the mean longitude as a function of g, we have 

l- g+ n 
2 l — 0 ~ 2 g 2 7t — 0 
2 / r 2 O' -f 2 TV 

By the substitution of these values, the expression for 8 a becomes 
Sa — { i + o. 1 1 cos £ + A cos 2 g + B sin 2 g) 8 \ 


where 


A — — .04 COS (2 7 t — 0 ) — .09 cos 2 7t 
B = .04 sin (2 7T — 6) 4 - .09 sin 2 tv 

I he values of tt, 0, A, and B for periods of six months are as follow : 


B | Year. 


-f .09 


1563.5 
1 36-i .0 

1564.5 


•oS I 1873.0 


+ .09 

+ .04 


this paper, it is not necessary to print them. " C <K f ' 

The corrections of short period, which have been actually applied, are 

+ 0.96 sin D 

— 0.13 sin (I) -f g ‘) 

+ 0.09 sin g' 

- 0.62 sin (2 g 4 g' _j_ 2 co — 4 co') 
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The fust three have been combined into a single one of double nigiunent, in wlm ti 
the aiguments are D and the month, thelattci concsponding to g'. The bums depend- 
ent on this aignment arc so small that they may be lognided as con, slant dining an 
entne month 

In this same table is included a paitinlly conjectuinl collection Joi I lie vai laiions ol 
the moon’s semi-diametei The coircction lo Hansen’s value has boon assumed as 
— i" o, when the moon is m the neighborhood of the sun, so I hat hei limb is very land, 
and as — o" 4 aftei the close of evening twilight Between Uvo horns of elongation 
and the close of twilight, it is assumed lo met case unifoindy The sum ol I hose loin 
corrections is given in the following table 
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When we substitute 


Mel lon Z f "' S “ 1,ct ' t,ol,s k> tl10 011018 “f the tabular 

iene Jr t’l, . ° S ? lmSa ' lobo -'-aato veiy small , plant, t, or, 

equation ° “ f ‘ '° olelllenl8 > »'*!> "’Inch they me connected by the 

, *‘ =! V" + + 

t ie diHeientinl coefficients hating the values given on page , 2 
these values, the expiession tin »x will contain the tcims ‘ 

(+ 018 59 — 037 5 a) cos (2 / — 9 ) 

— 087 6 a cos 2 l 

+ 018 59 cos 9 

-f o 21 Si sm 9 

— 021 6 / sui (2 / — 9 ) 

If we icpiesenl the sum of these teims by P, we shall have 

<S/=( 5 «-P 

pen.ee ttcTenlwof 7 Z “"I" 0 * 10 " 8 10 tlle m0 ™’ 8 “centi .city ami longitude of 
I, I. , f,°V he 0 " tuo1 '’ "'■S' 0010 ' 1 Thw anses horn the cu cun, stances 

e r« r“;f e r ,m #f * or * r ,,s rwm th ° z 

second o“, t ■ of * x i , ioImw >- ™<»° ti,„„ 

ot q x* , " tm0fc,f ’ 5 so tliat t,ie teim °37 is quite insignificant The tei in 

4 ° 8 S 6 may have a constant value of o" 25, mow ot less * W fi ln .n f 1 c n 

term 2/ Q lf . . " 01 10 ^’ but the shoi t penort of lie 

n, the mean collection to, each year, winch hae been al.ca.ly applied lo the emus 

f T deteuniue tbe collection to the ecceutucity and longitude ot the pe.mee result 
ing fio.11 each yea. s obseivatious, the lesuluals in i,«ht ascension aftei tL ° i . 

” tlll0 ° 001100110118 d-lj descubed, have hee°n Lori! p,1hc 

n,g table, winch givms f„, ceitam litr „ met Ji^n t“& tl 7 ' I?” ' 
sum of the ,<*, duals (labula, mmu, „b,e,ve,n ,, m f Coll " nn - filst ^ llle 

the values of mean anomaly between those m 1 £ ' Z “ ,1M l xmdll, 8 “ ll 
residuals In taking there sums, the bb' e Nations at the TZ?’ ? T’"* ° f 
separately, so that when obseivations weie made at both , 7'™ one “ ale colult ° l1 

It is alter vvaid found that the value ^Ttbw pxoduot is onlyP 7 ^ 



Sums of errors of mooris corrected right ascension ? given by observations at Greenwich and 

Washington 


Limits of mean 

1862 

1863 

1864 

I 1865 

anomaty 

6 a 

N 

26 a 

N 

2 da 

N 

SiJa 

N 

o o 

it 


a 


,, 





0 to 10 

+ 39 

4 

4 21 5 

10 

+ 19 6 

9 

+ 

I 4 

7 

10 to 20 

+-36 

6 

+ 12 3 

12 

4-61 

7 

+ 

3 4 

4 

20 tO 30 

— 0 2 

5 

+ 14 2 

8 

+ 5 8 

5 

— 

0 3 

10 

30 to 40 

+ 93 

S 

+ 23 7 

11 

+ 4 5 

7 

— 

0 5 

5 

40 to 50 

+ 27 

8 

+ 90 

8 

4-26 

3 

- 

3 6 

6 

50 to 60 

+ 03 

8 

4 * 9 8 

9 

— 16 

10 

— 

1 1 

6 

60 to 70 

4 - 89 

10 

“43 

7 

+ 0 7 

5 

— 

6 1 

7 

70 to 80 

- 3 7 

4 

* + 70 

10 

— 7 0 

6 

— 

6 7 

6 

80 to 90 

+ 67 

* 7 

- 6 7 

6 

— 11 2 

9 

— 

6 1 

6 

90 to 100 

+ 39 

6 

“33 

9 

“34 

6 

— 

8 5 

7 

0 

w 

0 

0 

0 

+ 39 

XI 

- 0 4 

5 

— 2 1 

5 

— 

0 7 

5 

110 to 120 

- 6 4 

9 

“39 

8 

~ 3 o 

3 

- 

7 5 

8 

120 tO I30 

~ 3 2 

8 

“39 

7 

4- 0 1 

5 

— 

5 5 

6 

130 to 140 

- 7 8 

6 

- 8 8 

8 

— 12 2 

7 

+ 

5 0 

5 

140 to 150 

- 0 9 

5 

“ 15 9 

8 

4- 09 

3 

4 - 

1 1 

5 

150 to 160 

— 0 1 

5 

— 18 2 

9 

- 6 7 

7 

+ 

I 5 

4 

160 to 170 

- 8 8 

4 

— 19 7 

6 

+ 2 5 

6 

+ 

4 3 

5 

170 to 1S0 

- 5 7 

4 

“99 

7 

“ 5 3 

5 

+ 

6 4 

6 

180 to 190 

- 17 4 

9 

— 33 1 

M 

- 8 6 

7 

+ 

8 9 

6 

190 to 200 

- 15 5 

7 

“43 

4 

— 06 

4 

+ 

13 2 

S 

200 to 210 

- 3 S 

10 

— 10 

6 

“ 6 4 

9 

+ 

7 8 

8 

210 tO 220 

— 0 2 

2 

“ * 9 

9 

- 2 9 

8 

+ 

13 r 

7 

220 tO 230 

— 28 9 

9 

“ 7 5 

10 

4 36 

7 

+ 

5 1 

5 

230 to 240 

- 7 3 

7 

- 1 9 

7 

4~ 08 

7 

+ 

10 3 

5 

240 to 250 

+ 13 0 

8 

+ 04 

9 

4 - 1 (j 

7 

4 

7 3 

8 

250 to 260 

— 20 

4 

+ 76 

8 

+ n 5 

8 

+ 

7 3 

7 

260 to 270 

+ 1 6 

9 

+ 1 4 

5 

+ 11 7 

7 

+ 

16 2 

12 

270 to 280 

+ 37 

5 

+ 11 3 

9 

+ 25 3 

11 

+ 

7 6 

11 

280 to 290 

+ 47 

7 

t- 08 

5 

4- 18 2 

8 

+ 

9 6 

8 

290 to 300 

- 1 3 

1 

+ 15 9 

7 

4-6 0 

4 

+ 

5 8 

11 

300 to 310 

+ 30 

3 

+ 23 5 

9 

+ 7 8 

6 

+ 

10 1 

7 

310 to 320 

+ 23 

2 

+ 22 6 

6 

4 - 64 

5 

+ 

16 4 

10 

320 to 330 

- 2 8 

5 

+ 182 

9 

4 - 11 6 

7 

+ 

14 5 

7 

330 to 340 

+ 9 5 

6 

+ 12 

7 

+ 18 5 

10 

+ 

16 7 

11 

340 to 350 

+ 11 8 

8 

+ 72 

7 

+ 42 

7 

+ 

7 6 

7 

350 to 360 

+ 13 6 

5 

+ 14 4 

8 

+ 16 5 

6 

+ 

5 3 

9 


+ 106 4 

225 

-i-222 0 

287 

+ 187 1 

236 

+ 205 9 

255 


— 1 16 0 


-144 7 


— 71 0 


- 

46 6 



- 9 6 


+ 78 3 


4-116 1 


4- 1 en <2 
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Sums of et?ors of moon's corrected right ascension , Sfc — Continued. 
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1867 



1868 
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Limits of mean 
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o to IO 


n 

1 7 
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it 
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5 



4 

; 

2 
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10 

1 

7 

4 

10 to 20 

— 

2 5 
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- 
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4 - 

3 

9 

7 

— 

4 

2 

4 

20 tO 30 

— 

7 5 

3 

- 

1 

7 

4 

— 

2 

5 

3 

— 

O 

8 

6 

30 to 40 

— 

7 1 

5 

— 

7 

5 

3 

— 

9 

4 

6 

4 - 

4 

2 

5 

40 to 50 

- 

14 5 

7 

4 - 

5 

5 

4 

— 

9 

0 

5 

4 - 

11 

0 

6 

50 to 60 

- 

0 7 

1 

- 

2 

0 

4 

— 

0 

7 

7 

4 - 

5 

5 

3 

60 to 70 

4 - 

1 3 

5 

- 

8 

5 

4 

4 - 

2 

2 

7 

4 - 

3 

1 

5 

O 

00 

O 

O 

i - '' 

4 - 

5 3 

6 

- 

4 

8 

3 

4 - 

4 

1 

8 

4 - 

7 

7 

7 

So to 90 

4 - 

1 6 

6 

- 

3 

6 

1 

4 - 

12 

2 

7 

+ 

8 

0 

8 

90 to 100 

4 - 

3 9 

4 

4 - 

2 

6 

5 

- 

0 

3 

4 

4 - 

16 

8 

8 

100 to no 

4 - 

4 4 

9 

- 

0 

6 

5 

4 - 

14 

9 

7 

4 - 

5 

1 

9 

no to 120 

4 - 

4 2 

8 

4 - 

3 

9 

5 

4 - 

9 

8 

6 

4 - 

8 

3 

6 

120 to 130 

- 

5 4 

8 

4 - 

1 

6 

7 

4 - 

4 

1 

5 

4 - 

14 

5 

7 

130 to 140 

4 - 

3 4 

6 

+ 

4 

1 

6 

4 - 

in 

2 

8 

4 - 

7 

5 

8 

140 to 150 

+ 

10 1 

9 

4 - 

I 

9 

7 

4 - 

5 

2 

7 

4 - 

3 

I 

6 

150 to 160 

- 

4 1 

6 

- 

2 

6 

7 

4 - 

2 

I 

9 

4 - 

20 

3 

7 

160 to 170 

4 - 

3 3 

7 

4 - 

6 

8 

5 

4 - 

I 

3 

8 

4 - 

3 

7 

3 

170 to 1S0 

- 

0 1 

7 

- 

5 

0 

8 

4 - 

0 

8 

7 

4 - 

12 

2 

7 

180 to 190 

4 - 

0 8 

6 

- 

0 

3 

2 

4 - 

12 

3 

8 

4 - 

7 

0 

5 

190 to 200 

4 - 

5 9 

6 

4 - 

2 

0 

4 

4 - 

17 

9 

6 

4 - 

6 

3 

4 

200 to 210 

- 

3 2 

6 

4 - 

2 

8 

6 

4 - 

5 

2 

5 

4 - 

10 

1 

5 

210 to 220 

4 - 

0 3 

6 

- 

1 

7 

4 

4 - 

13 

0 

8 

4 - 

12 

2 

5 

220 tO 230 

- 

5 4 

4 

+ 

12 

9 

9 

4 - 

4 

8 

4 

4 - 

12 

3 

7 

230 to 240 

4 * 

4 I 

8 

4 - 

8 

2 

6 

+ 

15 

2 

9 

— 

1 

3 

3 

240 to 250 

- 

1 8 

7 

4 - 

25 

4 

9 

4 " 

7 

4 

8 

— 

6 

4 

6 

250 to 260 

4 - 

9 4 

7 

4 - 

0 

9 

3 

4 - 

T 4 

2 

8 

— 

3 

6 

2 

260 to 270 

4 - 

2 7 

7 

4 - 

11 

7 
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5 

0 

2 

— 

17 

3 

7 

270 to 280 

4 - 

9 7 

4 

+ 

3 

3 

4 

4 - 

1 

0 

7 

— 

18 

8 

5 

2S0 to 290 

4 - 

11 6 

12 

+ 

7 

0 

7 

- 

9 

I 

5 

— 

21 

4 

6 

290 to 300 

4 - 

4 0 

4 

4 - 

0 

7 

3 

— 

3 

2 

8 

— 

13 

6 

3 

300 to 310 

4 - 

6 7 

4 

+ 

16 

5 

7 

- 

8 

0 

2 

— 

4 

8 

2 

310 to 320 

4 - 

3 4 

2 

4 - 

2 

3 

5 

— 

13 

8 

8 

— 

0 

8 

1 

320 to 330 

4 - 

7 7 

5 

4 - 

0 

2 

5 

— 

10 

6 

9 

— 

4 

2 

2 

330 to 340 

4 - 

9 1 

5 

4 - 

3 

5 

6 

- 

11 

7 

6 

— 

18 

5 

6 

340 to 350 

4 - 

10 8 

6 

— 

5 

4 

7 

— 

9 

8 

5 

— 

IO 

6 

4 

350 to 360 

4 - 

9 2 

7 

- 

7 

2 

4 

- 

18 

3 

6 

- 

2 

2 
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213 

4 -I 3 T 
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182 
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+178 9 
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- 

115 
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- 
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+ 78 9 


4 - 

75 
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4 * 46 
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4 - 
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or, putting 

h — 2 ASe — — 2 Se 
k — — 2 z/e d7r — 2 e S 7 r 

the equation will be 

Al + h sin g -f- k cos g — t, 

■de and Att being the e>ion of the tnbulai eccentncity and longitude of the peiigee, 
while Se and Sn repiesent the couespondmg coi ) cctions 

The equations aie now solved as if all the lesiduals within each pan of 20° limits 
cot responded to the mean of the limit, — that is, as if all between o° and 20° cone- 
sponded to g — io° , those between g — 20° and g — 40° to g — 30° , and so on If, 
then, we put 

£1 = io° , g a = 30°, etc , 

the sum of all the lesiduals 111 any one yeai conespouding to g — g, • 
n » the conespouding numbci of obsei vations, 
s t = sin g % , 
c x — cos g, 

the noimal equations fot dctoi mining SI, h, and k, by least squaies, will be 

4 l+( 2 n t >.) h + ( 2 n,c t ) k= 2 ? t 

(2 n, s,) Al + (2 n, s?) h + (2 n. L <? t c t ) l — 2 s, 7 x 
( 2 «, 6\) Al + ( 2 n t *, cj h + ( 2 », c~) k- 2 c x r x 
Ihe to 1 mat 10 11 and solution of these equations fot each yeai give the following 
values of the outstanding enois of the luiiut elements foi each yeai 


ft n 

1862, A = + 004 k — -f 1 23 

1863, — o 64 + 1 78 

1864, — 1 07 + 1 09 

1 S65, — 1 03 —015 

1866, — 047 -(-010 

1867, -093 -036 

1 868, + o 34 — 1 46 

1869, + 1 67 — 1 56 

1S70, +148 -1x4 

l8 7 b +165 -036 

i8 7 2 > +215 — 012 

1 S73, + 1 91 +016 

i8 74 > + 1 92 _j_ o 60 


The periodic chaiactei of these residuals is veiy lemaikable, indicating, as it does, 
eithei a hitheito unknown inequality of the moon’s mean longitude, having nearly the 
same period with the orbital levolution, or one of the eccentncity and longitude of 
perigee, having a peaod of between fifteen and twenty years To investigate this in- 
equality, we shall assume that each value of h is of the form 

h — a sm ( ju + nt) 

and each value of k of the form 

k + a' cos (// -f n't), 
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h, k, a, a , y«, f.i , «, and n' being unknown quantities to be determined, and t the time 
in yeais horn any assumed epoch We shall take for the epoch the middle of the 
penod through which the obseivations extend, that is, 1868 5 II, then, we lepieseutthe 
thu teen values ol h and k m chronological oidei by /t_„, A_ 5 , , A 6) k- e ,k- 6 , 

k 6 , the equations of condition fot h and k respectively may be put into the foun 

h , — h — a sin fx cos m — ol cos )x sin 1 n 
K — k-\- a ' cos /x cos m — a! sin /i sin 1 n 

Rcgaidmg //, k, asm/x, a cos n, a! sin /x, and a! cos fx as the unknown quantities, 
the 1101 nial equations foi determining these quantities aie ' 

(1) Fiom the value & of h t 

1 3 ^ — (■S cos 1 n ) ol sin / u — 2 h l 

— (2 cos / n) h + (2 cos 2 * n) a sin /x — — 2 h l cos 1 n 
(2 sin 3 in) a cos yu — — 2 h % sin 1 n 

(2) Fiom the values of k % 

1 3 ^ + (2 cos 1 n) a' cos jx' — 2 k t 

( 2 cos % n) k -j- cos 2 in') at? cos /x' — 2 k % cos 1 n 

2 (sin 2 1 n ) a! sin /x' — — 2 k t sin 1 n 

It will be obscived that all the coefficients having as a factoi eithci 2 sin 1 n or 
2 sin 1 11 cos % n vanish 

1 he value ot 11 up patently is not icadily deteimined dnectly by least squaies we 
shall tlieiefoio assume seveial values of this quantity, and asccitain by which value the 
conditions can best be satisfied The following aie the abbreviated values of the puicly 
ti igouoinctiic summations 


2 cos 1 n 


sin 6i n 
sm £ n 


2^~in - B L n »±il5JL3_» 


sin* % n — - 


2 sin n 

1 3 sin n — sin 13 n 


2 sin n 


If we solve the preceding equations, and put, loi bievity, 


13 Ci — c* 

n c, 

1 1 3 Ci — c 2 

(i _ 13 

L/q o 

13 Ci — C 2 

the lcsulting cvptessions (oi the unknown quantities are 

h- C\ 2 l h - C 2 h % cos t n 
ol sin fx — C 2 h x — Cf 2 t\ cos % n 

ol cos /x — — — 2 h x sin 1 n 

S l 


k — C x 2 k x — C 2 k x cos 1 n 
oil cos /x' — — (J 2 k t -|- C 2 2 k x cos 1 n 

ol' sin fx' — — — 2 k t sin t n 

s i 
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The period of h and k lies probably between fifteen and twenty years, which would 
make the \alue of n, 01 the annual motion of the inequality, lie between i8° and 24 0 
The following are the values of the various quantities depending on n for the different 
values of n between these limits 


n 

log C 

log C, 

log Si 

log C 

log C 

log 

0 

18 

0 756 

0 

715 

0 893 

9 213 

9 172 

9 57i 

19 

0 705 

0 

707 

0 898 

9 097 

9 099 

9 506 

20 

0 644 

0 

705 

0 900 

8 977 

9 038 

9 447 

21 

0 577 

0 

709 

0 897 

8 858 

8 990 

9 395 

22 

0 498 

0 

718 

0 S91 

8 734 

8 954 

9 350 

23 

0 406 

0 

731 

0 882 

8 604 

8 929 

9 3i2 

24 

0 291 

0 

747 

0 870 

8 453 

8 909 

9 276 

25 

0 143 

0 765 

0 S56 

8 275 

8 897 

9 246 


n 

lihi sin m 

2 h t cos 1 n 

2 ki sin 1 n 

2 li cos m 

0 

iS 

tl 

+ 11 48 

n 

+ 1 96 

u 

- 4 66 

11 

- 4 66 

19 

+ 11 66 

+ 1 52 

- 4 68 

- 5 04 

20 

4- 11 78 

-h 1 09 

- 4 69 

- 5 40 

21 

+ n 83 

-+- 0 68 

- 4 68 

- 5 73 

22 

+ 11 81 

4- 0 29 

- 4 66 

— 6 04 

23 

+ n 73 

— 0 08 

— 4 62 

- 6 33 

24 

4- n 58 

- 0 44 

- 4 57 

- 6 60 

25 

h 11 37 

— 0 78 

- 4 50 

- 6 86 


The pteceding equations now give the following separate values of the unknown 


quantities, coi responding to the vanous assumed values of n- 


n 

h 

a 


l 

o' 


0 

18 

19 

20 

21 

22 

23 

24 

25 

// 

0 72 

0 69 

0 66 

0 63 

0 61 

0 60 

0 58 

0 56 

it 

* 53 

1 53 

1 53 

1 54 

1 55 

1 57 

1 59 

1 61 

O 

164 0 

165 2 

166 3 

167 2 

168 1 

169 0 

169 8 

170 4 

n 

0 73 

0 61 

0 49 

0 39 

0 31 

0 23 

0 17 

0 11 

n 

I 8l 

I 71 

I 62 

I 53 

1 47 

1 42 

1 39 

1 36 

O 

160 8 

159 7 
158 5 

157 2 
156 0 

154 8 
153 6 
152 6 


There can be little serious doubt that in the case of the present inequality the 
theoretical values of // and should be the same, and it is also probable that those of 
a &nd a may be substantially identical. The small differences between the values of a 
and a and of M and add so much weight to this probability that we shall make; 
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another solution of the equations on the supposition that a! — a and /x' — /x The nor 
mal equations then become 

1 3 A — cct sin yu — 2 h % 

— ch- f- 13 a sin jx — — 2 A, cos z n — 2 lt % sin * n — 8 X 
13 /« + ca. cos ju — 2 k t 

ck 13 a cos /x — 2 k % cos z n — 2 h t sin 1 n — S s 

The solution of these equations is 


h — 


J — 5 2 h - J — - S L 

1 3 —c- i3 J — 1 


* = - 2 13 -, 2 k- 

13 — c 

_ 13 


, A a 4 ) 

1 3- — C' 


S 2 


sin ,u — — 5-^ — 5 S, 

T 


- a ^/h 


a cos jx 


13 s - 1 ‘ 13*-*' 
~ I3 3 -C a ~ Tjt? 


A coinpauson of the sepaiate solutions of the equations in A and A shows that the 
value of n which best satisfies the conditions lies between 22 0 and 25 0 The values 
of A, A, a, and fx wcie theiefore denved only ftom the last equations for the last four 
values of n hoi each of these sepaiate values of n, the conesponding values of A, and 
A, woie computed from the foimulse 


K — h — ac. sin (ju + 1 n) 

A, =: A -|- a cos (/x + * n) 

111 which, it will be remembered, the index 1 is simply the numbet of the yeai from 
1868 , so that we have, 

For 1862, 1 — — 6 
, For 1863, 1 — — 5 
etc , etc 

These computed values of A, and wcie then compared with the values denved 
direetly fiom observations, and given on page 20, and the sum of the squares of the out- 
standing tcsuluals was taken The values of the unknown quantities, together with 
the sum of the squares of the residuals, ate as follow 


n 

h 

k 

a 


2 

0 

22 

11 

4- 0 66 

U 

+ 0 34 

n 

1 54 

0 

161 2 

3 207 

23 

+ 0 63 

+ 0 27 

I 52 

161 3 

3 170 

24 

4- 0 61 

+ 0 20 

1 5i 

161 5 

3 246 

25 

+ 0 58 

4 0 14 

1 49 

161 7 

3 441 


The sum of the squaies becomes a minimum for n — 22 0 8, showing a period of 
the inequality of I5 y 8, with a possible eriot of a yeai or more The formulae for A, and 
A, thus become 


h t zz + o" 64 — 1" 52 sin (161 0 2 + 22 0 8 z) 
A, rr-f-o" 28 -f- 1" 52 cos(i6i° 2 + 22° Sz) 



u 


from which we have the following comparison of the computed and obseived values of 
h x and 



h 

h , 

Y ear 

















C 


0 

0 

— 

c 


C 


0 


0 

-C 

1862 

4 - 

n 

0 01 

+ 

a 

0 04 

4 - 

0 

03 

4 - 

a 

1 67 

+ 

I 

23 


0 44 

1863 

- 

0 48 

- 

0 64 


0 

16 

4 - 

1 32 

+ 

r 

78 

4 - 

0 46 

1864 

- 

0 79 

- 

1 07 

— 

0 

28 

4 - 

0 80 

4- 

X 

09 

4 - 

0 29 

1865 

— 

0 88 

— 

1 03 

— 

0 

15 

H- 

0 22 

- 

0 

15 

- 

0 37 

1866 

- 

0 74 

- 

0 47 


0 

27 

- 

0 38 

+ 

0 

10 

4 - 

0 48 

1867 

— 

0 37 

- 

0 93 

- 

0 

56 

- 

0 85 

- 

0 

36 

4 ~ 

0 49 

1868 

4 - 

0 14 

+ 

0 34 

4 - 

0 

20 

- 

1 16 

— 

1 

46 

— 

0 30 

1S69 

4- 

0 74 

+ 

1 67 

4- 

0 

93 

— 

1 23 

— 

1 

56 

— 

0 ^3 

1870 

4 - 

1 33 

+ 

1 48 

4 - 

0 

15 

- 

1 07 

— 

1 

M 

— 

0 07 

1871 

4 - 

1 80 

+ 

1 65 

- 

0 

15 

- 

0 70 

- 

0 

36 

4 * 

0 34 

1872 

4 - 

2 09 

+ 

2 15 

4- 

0 

06 

- 

0 18 

- 

0 

12 

4 - 

0 oC 

1873 

4 - 

2 15 

+ 

1 91 

- 

0 

24 

4 - 

0 42 

h 

0 

16 


0 26 

1874 

4- 

1 98 

+ 

1 92 

— 

0 

06 

4 - 

1 00 

+ 

0 

Co 

- 

0 40 


The probable residual for each yeai is o" 2 7 


We have supposed the hypothetical inequality of longitude to be of the fotm 


4 v — h, sin g + k % cos g 

Substituting m this the penodic part of h x and k u and lcplacmg % by t, which now lepie- 
sents the tune in years from 1 868 5, it becomes 

1" 52 sm (^-+251° 2 + 22 0 8t) 


^v- 1" 5 2 Sin [g+ 22° 8 [Y— 1857 5)] 


The entirely unexpected character of the penodic teim thus biought to light len- 
ders its verification by a longer series of observations veiy deniable F01 this puipose, 
we need compansons of observations previous to 1862 with Hansen’s tables, because 
noneof the older tobies with which compansons hare been made me accmale enough 
for the purpose Now, the Greenwich Obsei rations fin 1859 contain, as an appendix, 
comparison of the longitudes and latitudes Horn Hansen’s tables with Gieenwich obsciva- 
10ns rom 1 47 to 1858 inclusive , and I have utilized the compauson of the longitudes 
derived from meridian observations m the following way 

vears A aId l ^““"h T *° l™* 1 ? ° f 4 day was made out ’ ”clnding the whole twelve 

Snt The 8 ,T” a ‘ d “ teS the m00 "' s mean ““maly ™ found each 

then token dunnTth IT u '°“ 8lt “ de by the mendlau orations was 
“ d Tf lbe f™ d that 1116 at >omaly was found m each sextant None of the 

most of them Muldtof? ^ of , llus 1 d,senssl011 were applied, foi the reason that 
nearly to ehmim^ it ? ' “ accidental errors, and the means could be taken so as 

3 n tT ‘ he f e f ° f Wer ones A specimen of the fo.m chosen is 
here given Under each of the several values of g given at the tops of the sevc.i 



2 f) 


columns, is shown, fiist y, the date at which g had that particular value, and, secondly, 
; ie sum of the residuals nr longitude during the period of 4* 6 between that date and 

the one next following, together with the number of the residuals, the latter being in 
fcmall subfcciipt figures 
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II we follow any one of these vertical columns, we shall find that the dates corre- 
spond successively to all points of the lunation 111 a period of 412 days The first 
observations ol each period will he the last ones of the lunation, and the last ones those 
made immediately aftci new moon Between each pan of penods will he a gap, gen- 
eially of thiee or four months, dunng which the moon was, at the coi responding points 
of mean anomaly, loo near the sun to be observed If the observations are equally 
scattered thiough each period, all the crrois ansing from cuoneous semi-diameter and 
parallactic inequality will be eliminated The genctal minuteness of these enois, and 
their approach to a balance during each of the penods in question, aie such as to lender 
them insignificant, if wo take the mean results, not by years, but by penods This is 
the course adopted ; the partial periods at the beginning and end of the entire senes of 

observations being omitted The first period actually employed was that coi responding 
4 m 
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to the sextant 240°-300°, in winch the fiist obseivation was made on Januaiy 10, 
1847, and the hv?t on Septembci 18 of the same year The last pcnod coi lesponded 
to the sextant i 8 o °-24 o °, the last obseivation in which was on Novcmbei 13, 1858 
Theie wete, in all, ten peuods conesponding to each sextant, and hence Ion seis ol 
equations, each giving mean values of h, k, and Si foi peuods extending thiough a little 
moie than a ycai Eacli lesidual gave tin equation of condition, foi Ihe eoelhc units ol 
which the mean value coiresponding lo the entite sextant was taken These values I01 
the scvetal sextants aieas follow 


2 

& 

sin g 

COS^r 

sin"^ 

sin^cos^- 

cos °? 

I 

v O 

0-60 

■+■ 0 4S 

+ 0 83 

0 23 

+ 0 40 

0 69 

2 

60- 120 

+ 0 90 

O GO 

0 91 

0 00 

0 00 

3 

120- 180 

+ 0 4S 

- O 83 

0 23 

— 0 40 

0 69 

4 

180-240 

— 0 48 

— 0 S3 

0 23 

+ 0 40 

0 69 

5 

240 - 300 

— G 96 

0 00 

0 91 

0 00 

0 

0 

c 

6 

300-360 

— O 4S 

+ 0 83 

0 23 

— 0 40 

0 69 


The sums of the lesidual euois, conesponding to each pci iod and each sexlant 
ananged in chionological oidci, together with the numbei of residuals ol which each 
sum is fanned, aie as follow 


Mcnn 

chtc 


xSn 

1S4S 

1S50 

1851 

1552 

1553 
TS54 
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1556 
1S5S 


| 7 = 5 
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// 
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// 
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n 
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n 

+ 9 °21 

n 

— Ifi 7 17 
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“ 33 °27 

— 1 922 

+ 23 2,,, 

f 31 5 17 

+ 1 5 

- 34 ii" 

— 4 ° 920 

— 9 i-f» 

+ 22 2 W 

+ 33 Qj', 

" 4 5 

- 59 4t j 

- 50 7 iq 

~ 23 5 „ 

— 4 8 21 

+ 20 () ,, 

— 42 8 _ 

— 50 O22 

- 48 o, r 
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+ 35 0*0 
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- 31 2. 

1 06 9 

— 63 6,. 

+ I 2 17 

+ 6 o 2 | 

— 33 02 

“ 30 3 r 

- 94 6;, 

- 35 4 a’ 

+ 4 2m 

+ 1 7 n 

24 4j ( , 

2 4 3 i-t 

- 30 0 1( , 

- 7 3an 
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- 41 Ojt, 
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f 4 2 2C 
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— 48 92, 

5 ^ 731 

~ 47 6,0 

— 76 92 } 

~ 46 2is 


each homontal line ™ " e th ° 8e to the mean of 

i!ivi.„ PU f"fo! tiiitof clT" 1 ’ '“'“V 1 f“ S cor, «P l| mling to the index i, as nlioady 
noiiii.il „ie *’ ** ‘ h ° of obscml.ons, ,ho 


"• Al + ( s *,) h -f (2 », cj k — 2 1 

k+\ Sn Z, )k=2s \ 

{2 n x c x ) 41 + (2 n% s% Ci ) h + n% k -2c.,?, 

of .JdmbZwt w 0 ^w n i by ‘ he T rmaI CqU!> “ 0DS f0,med fr0m thc s J' stem 
each hoi izontal line a,e shown in the next (aide, which also shows 



27 


the way in which they me healed Foi the bake ol completeness, the conesponding 
quantities alieady found lot the peuod 1862-74 aie added, and included 111 the discus- 
sion, which now pioceeds as follows,, the method adopted being 011c which, though less 
ligoious than the toiinct one, will show 111 a stiongci light the evidence on which the 
new inequality depends. 

Ah the basis of the discussion, we take the independent values ot h and h, derived 
fiom each senes of observations, which values arc given in the second and third columns 
of the table A preliminary cotnpauson of the hist senes of values (1847-58) with 
the values of h and k derived fiom the Joimulai alieady given indicates a diminution of 
the constant let ms of those quantities, so that, instead of +o"64 and -|- o" 28, they 
become, as a first appioxiniation, 

k 0 — -}- o" 50 
*0 = + o" 10 

These constants aie now sub ti acted lioni the values ol h and k, leaving a senes of 
lesiduals given in the fouilli and fifth columns, which, if the penodic teiin undei 111- 
vcstigalion has no existence, should be legaided as due to enoih of observation, and, in 
the couti at y case, should be lepiesentahle by the lonnuhe 

h' — — a sin (/i -f- ut) + accnlenfal etiois 
— a cos ( ju -f- nl) + accidental ei tors 

r r<) show cleatly how fai they aie thus lepu'sented, we deleinniie a coefficient, a, 
and an angle, JV, by the equations 

a sin JV — — // 
acoaN — />' 

The next two columns give the sevetal values of a and N thus obtained The 
neatly leguhn progiession of the angle iVis too sinking to he oveilooked To see how 
neatly this angle can he lcptcsented as one incieasing unilbimly with the time, vve solve 
the necessary equations of condition by least squat es It is obvious that the gieatei the 
value ol ol the 111010 ceitain will be the value of N vve thoiefoie give weights piopoi- 
fional to a Moreovei, weights neatly twice as gtixit 111 piopottion ate given to the 
second soiics (1862-74) us containing the lesults fiom two obseivatoiies, and being 
mote caiclully collected The values of ju and it thus obtained by the method of least 
squates aie 

H — 164° 6 ± 4 0 4 
n — 20 8^0 47 

The piobable eiioi of a value of N ol weight unify comes out 

± 33 ° 

The lesiduals still outstanding aie shown m the column JN This value ol n is 
2 0 less than that found fiom the second senes ol observations alone, and an examination 
ol the lesiduals shows that there is a real discordance between the values of the angular 
motion of N given by the two senes It is quite likely that the 1 dative weights assigned 
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to the oldei senes of obseivations aie twice as gieat as they should be, and that the 
most piobable value of the angle iVlies nearly half-way between the two values 

l6x°2-)-22 0 8 (t — l868 5) 

and 

164° 6 20 0 8 {t — 1868 5) 

found from the last senes alone, and from the two combined I judge that tin* most 
probable value is 

N = 163° 2 4 21° 6 (t - 1868 5), 

and that the piobable enoi of the annual motion is more than half a degiee, but less 
than a degree The column J'N shows the lesiduals given by this value ol N 
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1 66 2 03 215 

“ 1 2 4 I 58 218 

— O 46 I 24 248 

— O 22 I 66 262 

+ 0 06 I 41 272 

+ 0 50 I 50 289 


coefc^td to ° f 0bSel '° l,0nS ag,M Wdl “ value „f ,l,„ 

Tbe old senes, a = 1" 66 
The new senes, a — ^ 

tbe coefficient I consider therefoi eThat' the value ^ Wh ° le ’ t0 U1CICasc tlle vaIl,e of 

*= 1" 50 
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nuiy he adopted as the most piobable wlucli can be donved (tom all the obset vafions 

11 we subtiacf, iiom each value ol k ami h m the preceding table, the pci iodic 
poitions 

h ' — — i " 50 bin [163° 2 + 21 0 6 ( t — 1868 5)] 
h' — l " 50 COS [163° 2 -f- 2 l° 6 (<- 1868 5)] 

and lake the mean value ol the outstanding loinaiudci foi each senes of obseivalions 
w v find il to be ns follows 

Old sci les, //„ = + o" 33 , k 0 — — o" 1 7 
New set ics, h Q — + o" 65 , / i0 = + o"36 

Tlic dillei ernes, o"oi and o" oS, between these last values and those lound on page 
2 ^ a use bom the dilleieiit value of the pci iodic toun I considei that the lesults of the 
second senes an* entitled to thiee times the weight of those of the first, and shall tlicre- 
lote jail loi the definitive values of h and /r, 

!> = + o " 57 + h ' 

^ — H- o " 23 f >' 

The ( onesponding collections fo the ccccntncily and longitude of pongee aie 

Sc — — o" 29 
r Stc — -)- o" 12 
S 7 T — -f- 2" 2 

The collections fo the moon’s longitude aic 
zr — // sin g — / cos g 

= — o" 57 Slug- — o" 23 cos g -f- 1" 50 sill (g + IV— 90°) 

The last tei m is flic liitliciio-uiisuspected mecpiality indicated byobseivations, hut not 
yet known fo be given by thorny It may be eitliei an inequality of the cccentncify and 
pongee having a penod of about i6j yoais, 01 one ol the moon’s mean longitude having 
.1 pet lod of 

2 7' 1 4304 ± o' 1 0040 

Substituting fust lot IV, and U1011 foi g, then values in tones of the time, the c\pici-- 
sioii foi file inequality ol longitude becomes 

i" 50 sm [g+ 73 0 2 + 21 0 6 ( 7 — 1868 5)] — 1" 50S111 (56° 8 + 13 0 12413 r), 

t being the time 111 days counted fioni Gicenwich mean noon of 1850, Jan o 

It would pet haps be piomatuie to introduce so puiely cmpincal a teim as tins 
into liimu tables foi ponnanent use, but whcic, as at piesent, it is lequisite to obtain the 
eoi lections to the fables dunng a limited penod with all possible accuracy, the evidence 
111 f.ivot of the leahty of the tenn seems sttong enough to justify its nilioduction The 
only appaieiit cause to which the fenn can he attnbuted is the attiaction of some one 
ol the planets 

In the investigation of coriections to the longitude.it only remains to dcfcimine 
flic slowly-vaiymg collections to the mean longitude, or to nSz, given by the obseiva- 
tions To detennme the enois of slioit penod, we have applied seveial collections to 
flic lcsiduals, not as ical, hut only to render the vanous obseivations compaiable Wc 
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have now to consider the pure results of observations as they would have been had these 
corrections not been applied. These for the second series of observations are found 
by taking the sum of (i) the mean of the small corrections, applied on account of 
observatory and limb, to compensate for the systematic differences between results from 
different limbs or different observatories; (2) general corrections to make the residuals 
in the mean very small ; (3) remaining outstanding correction found by solving the 
equations of condition. 

The corrections from both series are as follow: the corrections since 1862 may 
he very closely represented by a term increasing uniformly with the time, as is shown 
by the last two columns. 

First series. 


j 

Date. 

j 

u As 

Date. 

n As ; 

1 

1847. s 

- 0.15 

1S53.5 

+ 1-77 

18.48.9 

- 0.43 

1854.6 

4 * 1.40 

1850. I 

4 ~ 0.32 

1855. s 

+ 1,24 

1851 . 2 

4 - 1.13 

IS56.9 

+ 1.50 

1S52.4 

+ °*93 

IS5S.T 

+ 2.40 


Second series. 


Year. 

to 

(2) 

( 3 ) 


n 


a 

4 - ht 


A 

1SG2.5 

4 - 

0 

d 5 

4 ~ 

2 

10 


0.04 

4 - 

2 

59 

+ 

1.52 

-b 

1.07 

1863.5 

4 - 

0 

45 

+ 

I 

20 

- 

0. 27 

T 

1 

38 

4 - 

0.60 

4 * 

0. 7S 

1864.5 


0 

GO 


0 

00 

~ 

0.49 


0 

49 

- 

0.32 

- 

0. 17 

1865.5 

- 

0 

15 

- 

T 

15 


0. 62 

~ 

1 

92 

- 

1.24 

- 

0.68 

1866.5 

— 

0 

15 

- 

2 

00 

- 

0.75 

- 

2 

90 

- 

2.16 

- 

0.74 

1S67.5 

— 

0 

15 

- 

3 

40 

- 

0.41 


3 

96 

- 

3.08 

- 

0.88 

1S68.5 

— 

0 

15 

__ 

4 

05 

- 

0.20 

- 

4 

40 

- 

4.00 

— 

0.40 

iS6q. 5 

4 - 

0 

oS 

- 

4 

S 5 

- 

O. 21 

- 

4 

98 

- 

4.92 

— 

0.06 

1S70.5 

4- 

0. 

08 

- 

5 

50 

- 

O.OQ 


5 

51 

- 

5.84 

4- 

0-33 

1 S 7 r .5 


0. 

00 


6 

35 

- 

0.52 

- 

6 

S 7 

- 

6.76 

— 

0. 1 1 

1S72.5 

— 

0. 

15 

— 

7 

25 

- 

O. 22 


7 

62 

- 

7.68 

4- 

0.06 

1873-5 


0. 

DO 

- 

8 

30 

4- 

O. 10 

- 

8 

20 

- 

8.60 

-b 

0.40 

1874-5 


0. 

GO 

— 

9 

45 

4 - 

O.38 

— 

9 

07 

— 

9.52 

4- 

o *45 
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§ 2 

I NVKSTIGA I ION 01< THE POLAR DISTANCE AND LAI I IUDE 


It, is a singular cncumstancc that dunng the last six yeais, at least, the obsciva- 
turns of the moon’s polai distance aic much less accurate than those of its light ascen- 
sion Whether this is to he attributed to the instruments, or wdiethei it is a lesult of 
gieat inegiilaiitics in the outline of the lunar globe m the polai legions, cannot at pres- 
ent be decided To whatever cause we attribute the cnois, then existence lenders a 
rigorous treatment ot the individual obseivations of little value We shall therefore, 
(tom the whole of the cuois in declination, seek to obtain the best collections to the 
inclination and node of the moon’s oilnt 

Farm the derivatives of the moon’s declination relatively to its line longitude, the 
inclination, and the node, which have already been given, we obtain 


<Stf = ^i/+f AO + ^t, 

dl ' dO (It, 


SI being known horn the data aheady given, tin* equations ol condition will be 
tliiown into tin' toiin 

dS « dS n a n dS n j 

- , 'I SO 4- — - St — 00 — ,, S/ 

/, <10 dt, dl 


Farm t lie immeiie.il expansions aheady given, wc have 

S/ — see S [ (o 40 -f- o 08 cos 0) cos /+ o 08 sin 0 sm /] SI 
dl 

II we put 

SA — the eonertion to the moon’s mean longitude, 

AT — o 40 + o 08 cos 0, 

U = 008 sin 0, 

we have Ihe (piantities ol the fust oidei, with inspect, to the ec< onti i< dies, 

— [A" cos I + JT sm I] [1 -f- 2 e eos (A — n) ] sec S 
d A 

The hugest tenns in sec S aie 

1 040 +016 cos 0 — 040 cos 2 A — 016 eos (2 A — 0), 
while, if wc replace I by the mean longitude, A, wc shall have 


/ — A -j- 2 e sin (A — ir ) 
sm / — sin A + c sin (2 A — jr) — e sm tt 
cos l — cos A -)- e cos (2 A — r) — e cos zr 


dS 


If wc substitute these various quantities in the expiession foi - - dl , wc shall find 

(l t 
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no sensible tenns depending on the sine ot cosine of the aigumcnt of Lif il udc, A. — 0 1 1 

we substitute foi < 5 1 its value in 5 A, we shall find the puncipal tenns m cos 6 ^ ^ 


to 


be 


Kcos A + JTsin A -|- 3 e K cos (2 A — n) + 3 c //sin (2 A - j) 


In consequence of the gieat number of involutions of the moon tlnongh winch tin* 
obseivations now undei discussion extend, I have considered that all except the lust two 
tenns might be tieatcd as accidental eirois, which would cancel each olliet dining the 
coiuse of the observations Using for 6A the mean corrections to the moon’s longitude, 
we have the following values of the collection to the declination Ibi those enois ol 
longitude 


Year 

// 

C01 rection 

// 

1862, 

+ 09 

COS l — 0 2 

1863, 

+ 06 

— O I 

1864, 

— 0 I 

O O 

1865, 

— 0 6 

+ OI 

1866, 

— 0 8 

OO 

1867, 

— 0 r 

— O T 

1868, 

— 1 4 

— O 2 

1869, 

- 1 8 

-0^ 

1870, 

— 2 2 

-04 

1871, 

— 2 8 

— 0 6 

Cl 

C'* 

CO 

3 3 

— 0 6 

CO 

CO 

' -38 

-05 

CO 

— 42 

-04 


The mean collection to the moon’s tabulai noith-polat distance I01 each .\eai, limn 
obseivations of each limb at each observatoiy, was taken with a view ol detecting an\ 
constant enot of sufficient magnitude to affect the final lesults foi enois of the node 
and inclination These means should have been taken aftci Ihe application ol the < 01- 
lections ]ust found actually, however, they aie the mean cone< lions given by Ihe 
obseivations, after applying the following constant collections to 1 educe the dei lmolimis 


to the same fundamental standaid 

To Greenwich observations ol N T D 

// 

1862-67, — 04 
1868-74, +02 


To Washington observations ol N P 1) 


1862-65, 
1866-67, 
1868, 
1869, 
1870-72, 
1 8 73-74. 


+ 05 

I I 

— I 2 

— 06 

— 04 
O O 


These coirections are appioximatcly those necessaiyto icduco the stai-obsciva- 
10ns ot the several yeais to Auwers’s standaid of decimation The change m the Gieen- 
wich coriection between 1867 and 1868 probably anses fiom the inti eduction of a new 
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con si ant of lefiaction m 1868, while the change 111 the Washington correction m 1866 
coi responds to the introduction of the large transit cucle 111 place of the old mural cnclc. 



Correction to N 

? D given by — 

Year 

Greenwich 

Washington 


N L 

S L 

N L 

S L 


it 

n 

a 

a 

1S62 

— 0 1 

— 0 8 

- 0 3 

— 0 8 

1863 

+ 02 

- 0 9 

- 0 5 

— 1 1 

1864 

+ 04 

- 0 6 

+ 08 

~ 0 9 

1865 

-+* 0 5 

— O 2 

+ 12 

— 0 2 

1866 

- 0 7 

- 0 3 

+ 1 4 

- 0 6 

1S67 

- 0 4 

- 0 6 

+ 01 

— I 1 

186S 

- 0 7 

— 1 0 

+ 02 

+ 02 

1869 

— 0 1 

— 0 6 

— 0 8 

- 1 7 

1870 

— 0 6 

— 0 1 

— 0 1 

- 1 8 

CO 

— 0 2 

— 0 8 

+ 2 i 

- 1 8 

1872 

0 0 

0 0 

- 0 7 

— 0 8 

1873 

- 0 9 

+ 0 1 

+ 20 

— 0 1 

1874 



~ 1 7 

- 0 5 


The laige lcsuluals of the Washington obscivations of the south limb led to the 
application of the faithci systematic collection of + 1" o to all those observations before 
combining them all The collections aiming fiom the eiror of mean longitude were 
then applied, and the outstanding lcsuluals wete consuleied to arise from accidental 
oirois and fiom enois of the inclination and node The equations of condition thus 
become 

092 sec 5 [sin (/ — 6) Si — cos ( l — 9 ) 1 5<9] — 55 
01 

sin (/— 0) Si — cos (l — 6)i SO — 1 09 cos Sy^SS 
Owing to the smallness of the final residuals, 55, the factor 1 09 cos 5 may be consid- 
ered as a constant, and, 111 the actual solution, has been put equal to unity Its mean 
value is more exactly 1 04, and its effect may be obtained by dividing the final results 
by this factor 

The final values of the residuals were then arranged according to the values of 
A — 9, or the moon’s mean argument of latitude, as the residuals m right ascension were 
arranged according to the mean anomaly The sum of the lesiduals corresponding to 
each interval of 20° in the argument, with the coi responding number of observations 
for each year, is shown in the following table : 

5 M 
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Sums of errors of the moon's corrected dechnation, given by observations at Greenwich 

and Washington 


1 Limits of? 

1862 

1863 

1864 

1865 

1866 

1S67 

1868 

2 65 

N 

2 66 

N 

2d<J 

N 

26 6 

N 

2 66 

N 

2 66 

N 

2 66 

N 

O 0 

0 to 20 

it 

- 3 3 

8 

11 

+ i 3 

3 

// 

+ 40 

8 

it 

+ 54 

9 

a 

+ 26 7 

11 

a 

- 2 5 

8 

n 

+ 04 

9 

20 tO 40 

+ 96 

9 

+ 5 8 

7 

- 0 4 

9 

+ 60 

7 

+ 26 

12 

-23 

9 

— 6 1 

17 

40 to 60 

- 1 4 

9 

+ 69 

10 

+ 6 5 

6 

+ 9 7 

7 

+ 40 

9 

- 4 9 

10 

-79 

15 

60 to 80 

0 0 

7 

+ 16 4 

10 

+ 66 

8 

+ 8 7 

12 

— 1 1 

16 

4-14 5 

11 

- 0 3 

5 

80 to IOO 

4-S6 

11 

+ 04 

12 

+ 11 1 

6 

+ 79 

11 

+ 5 5 

7 

+ 05 

10 

— 12 8 

12 

100 tO 120 

+ 32 

7 

+ 8 5 

15 

+ 32 

5 

+ 74 

7 

— 1 0 

8 

— 6 1 

6 

+ 02 

6 

120 tO 140 

- 9 2 

12 

+ 3 1 

8 

— 6 1 

8 

+ 08 

11 

+ 11 9 

14 

— 12 4 

8 

- 6 8 

11 

140 to 160 

- 0 3 

4 

- 4 6 

9 

— 2 2 

5 

“ 9 7 

15 

— 1 2 

10 

"77 

12 

+ 62 

14 

160 to 180 

+ 0 5 

9 

— 10 4 

6 

— 10 4 

12 

+ 05 

9 

+ 22 

10 

- 8 9 

9 

— 11 2 

9 

180 tO 200 

- 8 6 

6 

- 5 7 

11 

— 0 6 

7 

“ 5 3 

12 

- 7 7 

6 

-15 2 

14 

+ 3 1 

10 

200 tO 220 

—22 3 

8 

— 11 6 

10 

+ 47 

12 

- 5 4 

9 

- 3 3 

10 

- 6 8 

14 

-11 8 

11 

220 tO 24O 

-14 4 

12 

— 10 2 

9 

- 8 8 

10 

— 1 0 

7 

— 2 0 

13 

- 5 9 

12 

— 10 0 

13 

240 to 260 

— 12 4 

7 

— 12 3 

9 

- 4 1 

8 

+ 46 

11 

+ 1 2 

9 

— 0 6 

9 

- 9 2 

15 

260 to 280 

- 2 3 

4 

3 2 

4 

- 8 5 

8 

+ 1 5 

9 

- 5 3 

9 

+ 1 0 

8 

+ 19 

9 

280 to 300 

— 2 2 

7 

- 4 3 

8 

- 8 4 

11 

- 4 0 

4 

- 3 5 

9 

-11 4 

13 

0 0 

13 

300 to 320 

- 7 1 

10 

- 6 2 

10 

+ 96 

8 

+ 3 I 

5 

— 0 1 

13 

- S 4 

10 

+ 04 

8 

320 to 340 

+ 20 

7 

+ 34 

8 

+ 60 

12 

+ 8 6 

6 

+ 84 

11 

+ 2 1 

9 

- 6 7 

14 

340 to 360 

+ 73 

5 

- 6 5 

5 

+ 49 

13 

+ 11 6 

8 

+ 70 

14 

+ 29 

3 

“ 3 1 

12 


—84 0 

142 

-75 0 

154 

"49 5 

156 

-25 4 

159 

—25 2 

191 

“93 T 

175 

-85 9 

203 


+31 2 


+45 8 


+ 56 6 


4 75 8 


469 5 


+ 21 0 

11 

+12 2 


* 

-52 8 


—29 2 


+ 7 1 


4-50 4 


4-44 3 


-72 1 


“73 7 
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Sums of errors of the moon’s corrected declination, iCc — Continued 


Limits of 2 . 


IS69 


1870 


1871 


1872 


1873 


1S74 

166 

N 

166 

N 

2. 

N 

166 

N 

166 


N 

166 

N 

0 0 

0 to 20 

+ 

II 

7 * 

8 

tt 

+ 37 

7 

11 

- 3 8 

5 

11 

— 8 0 

6 

+ 9 

0 

9 

a 

+ 7 7 

12 

20 to 40 

+ 

II 2 

8 

+ 66 

10 

— 0 I 

4 

- 7 0 

6 

~ 7 

7 

10 

- 7 5 

7 

40 to 60 

+ 

6 4 

7 

+ 86 

10 

— 0 S 

11 

— I 2 

10 

— 2 

S 

4 

- 17 0 

11 

60 to So 

- 

5 0 

9 

+ 3 5 

7 

+ 13 2 

11 

- 5 i 

7 

-13 

7 

7 

- 25 4 

14 

80 to IOO 

- 

2 0 

11 

+ 62 

9 

+ 13 1 

9 

~ 3 7 

8 

+ 4 

S 

9 

- 5 3 

6 

100 to 120 

— 

13 7 

7 

— 6 2 

12 

- 6 3 

9 

— 2 0 

8 

— 1 

0 

9 

— 22 4 

12 

120 tO I40 

- 

11 4 

9 

+ 45 

7 

- 1 9 

8 

+ 02 

14 

- 2 

2 

4 

+ 2 1 

6 

14.0 to 160 

- 

15 4 

12 

-11 7 

11 

- 4 6 

7 

- 8 9 

9 

+ 7 

4 

5 

— 12 6 

11 

160 to i So 

- 

2 5 

11 

- 5 7 

13 

- 5 1 

9 

-46 

12 

~ 3 

9 

7 

- 5 9 

10 

I So to 200 

- 

5 4 

9 

- 0 5 

6 

+ 5 4 

11 

— 6 0 

3 

- 8 

6 

7 

- 7 2 

8 

200 to 220 

- 

5 4 

4 

— 10 2 

12 

— 6 2 

10 

- 2 9 

9 

+ 5 

2 

7 

- 19 3 

12 

220 tO 240 

- 

6 6 

6 

— I 1 

9 

+ 9 1 

M 

- 4 5 

10 

— 2 

7 

5 

- 15 2 

6 

240 to 260 

- 

18 4 

12 

— 11 1 

8 

+ 5 6 

S 

4 13 7 

13 

+ 14 

S 

12 

- 4 6 

6 

260 to 2S0 

- 

7 7 

7 

-15 4 

15 

— 62 

7 

+ 22 

11 

+ 20 

7 

9 

- 2 5 

6 

280 to 300 

- 

11 4 

*3 

— 10 1 

5 

+ 3 <J 

S 

+ 38 

9 

+ 3 

3 

10 

- 5 5 

13 

300 to 320 

+ 

5 3 

7 

- 9 1 

7 

+ 3 8 

8 

- r 3 

II 

+ 4 

3 

8 

+ 03 

10 

320 to 340 

+ 

5 7 

5 

- 10 3 

12 

- 5 8 

9 

— 12 2 

12 

+ 14 

0 

7 

+ 4 0 

10 

340 to 360 


0 0 

10 

— 1 2 

6 

— 6 3 

5 

+ 03 

9 

+ 7 

2 

11 

~ 3 9 

9 


— 

104 9 

155 

— 92 6 

166 

-47 1 

153 

-67 4 

167 

-42 

6 

140 

-154 3 

169 


+ 

35 7 


+ 33 1 


+ 53 8 


+20 2 


+90 7 


+ 14 1 



- 

69 2 


-59 5 


1-6 7 


-47 2 


+48 

1 


— 140 2 



The genet al it regularity of the icsiduals in decimation is such that no gteat advan- 
tage would lesult in a sepaiatc solution ol the equations lot the sepatato yeais The 
sum of the icsiduals for each 20° of the at gu incut was theiefoic taken dining the whole 
thuteen years of observation, with the following result 


1 

1&6 

N 

2-0 

2 Ar J 

N 

O O 

0 to 20 

n 

+ 47 2 

103 

0 O 

180 to 200 

11 

— 62 3 

no 

20 tO 40 

+ 10 7 

115 

200 to 220 

- 95 3 

128 

40 to 60 

+ 6 1 

119 

220 to 240 

- 73 3 

126 

60 to 80 

+ 12 3 

124 

240 to 260 

— 32 8 

127 

80 to 100 

+ 34 3 

121 

260 to 280 

— 23 8 

106 

100 tO 120 

— 36 2 

hi 

280 to 300 

- 50 1 

123 

120 tO 140 

- 27 4 

120 

300 to 320 

- 5 4 

US 

140 to 160 

- 65 3 

124 

320 to 340 

+ 19 2 

122 

160 to 180 

— 65 4 

126 

340 to 360 

+ 20 2 

no 
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Leaving in the equations a constant term dp, lepiesenting the mean constant emu 
still outstanding in the measures of declination, the solution of the equations of con- 
dition given by the lesiduals gives the following results 

dp — ~o" 17 
d% = + 0" 15 
id 9 — — o" 40 
or, 

Coirection to the inclination, — o" 15 

Coirection to the longitude of node, +4" 5 
This correction to the longitude of the node fiom Hansen’s tables implies a dimi- 
nution of the secular ictrograde motion of the node, which is quite accordant with the 
results derived from ancient eclipses Hansen remat ks that au increase of 12" per cen- 
tury in the longitude of the moon’s node will improve the agreement of his tables with 
ancient eclipses,* and, if we suppose the tabular longitude of the node to have been col- 
lect m 1825, this would imply a correction of -f- 5" 2 to the longitude of the node 
in 1868 


Daileguug, etc 3 T1 i 11, p 391 
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§3 

AUXILIARY TABLES FOR PACILITAIING THE COMPU1A1TON OF THE CORREC- 
TIONS TO HANSEN’S “TABLES DE LA LUNL ”, GIVEN BY THE PRECEDING DIS- 
CUSSION 

The following is a summaiy of the collections to the longitude of the moon fiorn 
Hansen’s tables given by the preceding discussion The first six teims aie applicable 
to the distuibed moan longitude, or u Argument fondamental ” , the remainder to the 
ti uc longitude, but they may all be used as coireetions of the “Argument fondamental ” 
without seiious cuoi 

Correct tow, on account of diminution of the solar par allax . . n Sz — + o" 96 sin D 

+ 0" 07 sin ( D — g ) 
— o" 13 sin (D-\-g) 

On account of hypothesis (here provisionally set aside), that 
the moons center oj gravity does not coincide with the 
center of figure, together with the correction to the erec- 
tion resulting from the correction to the accent/ icity n Sz — + 0" 09 sin g' 

— o" 33 Sill 2 1 ) 

— o" 2 1 sin (2 D — g) 

On at count 0) ter rn accidentally introduced into 

the tables 101th a wr ong sign Sv — — o" 62 sin (2 g — 4 g' 2 o> — 4 go') 

On account 0/ correction to the eccentricity and perigee 

found from observations during 1847-74 dv — — o" 57 sin g — o" 23 cosg 

zz o" 62 sin ( g -f- 202 0 o) 

Empirical term, necessary to satisfy observations, 

hut not vet ified by theor y -f- 1 " 5 o sm [g 21° 6 (Y— 1865 1)] 

Unexplained correction to the mean longitude, changing slowly from year to 

year See Table IY 

The deduction of all these terms, except the last, has been fully given in the pie- 
ccdnig pages This secuhu correction to the mean longitude has been derived fiomthe 
outstanding enors of mean longitude given on page 30, in the column n Sz, by suppos- 
ing this quantityto vaiyaccoidmg to some simple law, which law changes when neccssaiy, 
so as to satisfy the observations within the mean limits of their probable error An 
examination of Table IV shows, that, from 1848 o to 1855 5, the coircction is supposed 
to incieasc uuifonnly at the rate of o" 20 per annum It is then supposed to remain 
constant until neaily 1863 o, a period during which the observations aie not continuous* 
theic being no comparisons with theory from 1859 to 1861 inclusive Fiom 18630 
until the picsetit time, the observations are well represented by the coirection 
— 5" 53 — o" 86 ( t — 1870 o) +0" 02 ( t — 18700) 2 
The continuance of this correction beyond 1875 o is, of course, purely conjectuial 

TABLES FOR APPLYING THE PRECEDING CORRECTIONS. 

The following tables are designed to facilitate the computation of the conections 


38 


just given. To avoid the necessity of referring to Hansen’s tables, tlie values of all the 
necessary arguments are given for the years 1850 to 1889 in Tables I to III. 

Table I: the epochs are January o, Greenwich mean noon of common years, and 
January 1 of leap years. All the arguments increase uniformly by a unit in a day. 

Argument g is the moon’s mean anomaly, converted into days by dividing its ex- 
p ression in degrees by 1 3.065. It is equal to Hansen’s argument g diminished by 1 5 days. 

Argument D shows the number of days since mean new moon, or, it is the mean 
departure of the moon from the sun expressed in days. It is equal to Hansen’s argu- 
ment 33 diminished by 30 days, or, which amounts to the same thing, by o' 1 . 4 7. 

Argument A gives the number of days from the time when the angle 

2g — 4 g' + 2 ra — 4©' 

was last zero. 

Argument B is that of the empirical term indicated by observations, but not given 
by theory. 

Argument u is that of latitude, or the number of days since the mean moon last, 
passed her ascending node. 

Tables II and III do not seem to need explanation. In using the former, care must 
be taken to diminish by one day the dates for January and February of leap years. 

Table IV gives the secular corrections to the mean longitude, or to nSz, obtained 
from observations in the manner already described. 

Table V, argument A, gives the correction for the term introduced into the tables 
with a wrong sign, described on page 9. It is properly to be applied to the true longi- 
tude, and is therefore designated as So. 

Table VI gives the empirical term, which, so far as is known, may be applied to the 
true longitude. 

Table VII gives the sum of the terms of mean longitude 


+ o ".96 sin D 
— 0V33 sin 2 D 
o k 1 3 sin {D + g') 
+ 0V09 sin g' 


The sun’s mean anomaly, g', having a period of a year, the sum of these terms c 
be expressed as a function of D and the month, and is given in the table for the tnkh 
of each month, and for each day of D. 

Table "V III gives the sum of the terms ol true longitude which depend wholly 
partly on the moon’s mean anomaly, namely: 


an 

lie 


or 


+ o" .62 sin (g -f- 202°.o) 

+ 0A07 sin (1) — g) 

— o". 21 sin (2 D — g) 

. The sum of the terms of n Sz are to be reduced to corrections of the longitude in 
orbit by multiplication by the factor 

1 + 2 e cos g -f- — e 3 cos 2 sf. 

This factor, less unity, is given in Table IX. 
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Fol convenience, the unit of the factoi is omitted fiom the tabulai numbeis, so that 
it is only nccessaiy to add the pioduct Fy/n Sz r m with n 8z and So to have the cor- 
rection of the tiue longitude m oibit 

These collections being applied to the longitude of the moon’s center fiom Han- 
sen’s tables, that longitude may be lcgaidcd as collect, excepting a small collection, 
which may piobably be regaided as constant dining any one penod not exceeding six 
months, and which may be attnbuted to the adopted position of the equinox It will 
be best deteimined fiom occultations of stais obscived at points whose longitudes fiom 
Giccnwich aic accurately known by telegiaph, and will then be applicable to the 
detci munition of the longitude of any station fiom occultations 

If the collections heic deduced aic applied to the crrois of the lunar ephcrneiis 
dciived fiom mctidian obscivations, it must be lemcmbeied that these observations aie 
made on the moon’s limb, while the collections aic applicable to the center Hence, 
the value of the moon’s semi-diameter must, if great icfinement is aimed at, be varied 
with the obseivei, the instillment, and the buglitness of the sky For large instill- 
ments, Hansen’s semi-dnituetoi is about i" too gieat, even at night 

The sum of all the feuns of n Sz , So, and F X n from the tables will be the 
collection of the longitude m oibit Tins will not be ligoiouslj’ the same as the collec- 
tion to the ecliptic longitude 

Table X gives the small factoi (F /) by which the oibit longitude must be incteascd 
01 diminished lo obtain the ecliptic longitude This factor may geneially be disregaided 
Table X also gives the data foi flic collection of the moon’s latitude, namely, (i) 
a factor (F /?) by which the collection of the moon’s aigumcnt of latitude must be 
multiplied, and ( 2 ) the term 

8 ft, — — o" 15 sm u 

arising fiom the collection to the tabulai inclination of the moon’s oibit The collec- 
tion of the moon’s aigumcnt oflatitudc being that of her longitude, minus the collection 
of hei node, the whole collection to the latitude will be 

8ft = 8/3,+ (F ft) (*>- 4 " 5 ) 

Table XI gives the factoi s for converting collections of longitude and latitude info 
coirections of light ascension and declination The formula; are 

S JR, — 8v + (v a) Sv + (ft a) S/3 
S Dec = 8/3 4- (v 8) So + (ft 8) 8/3 

The side aigumcnt is the moon’s longitude, and in the coefficients (v a) and peihaps 
(ft a) lcgaid must be had to the moon’s latitude also Three columns are therefore 
given foi latitude, — 5 0 , o°, and + 5 0 respectively 
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As an example of the use of the tables of corrections, we will commence the 
determination of the corrections for September, 1874. We find the values of the argu- 
ments for September 1, from Tables I to III, as follows: 



S 

D 

A 

B 

u 

IS74 . . . 

5.4 

12. 1 

8.0 

20.0 

1.9 

Sept. 1 . 

23.6 

7.8 

1*9 

24.6 

26.2 

Periods . 

—27.6 

* • 

• • 

-27.4 

1 

to 

--4 

to 

Arg. Sept. 1 . 

1.4 

19.9 

9.9 

37.2 

O.9 

Arg. Oct. 1 . 

3-8 

20.3 

39*9 \ 
or 7.8 } 

47-2 ) 
or 19.8 i 

30 . 9 ) 
or 3.7$" 


D - ig.g 

g= 1-4 
D — g — 18.5 


The tabular numbers are then found as follows, with. an argument increasing by 
unity each day. From Table VIII, we take a mean from columns 18 and 19. 


September 

1. 

2. 

3 * 

4 * 

5 . 

6. 

7 . 

8. 


u 

n 

n 

„ 

„ 

„ 

,, 

a 

Table IV (weto) . 

~ 9 *ii 

- 9. 11 

— 9. 11 

- 9. 11 

— 9.12 

— 9. 12 

— 9. 12 

- 9.12 

V (tk/). . 

4 0.40 

+ 0.55 

4 0.62 

+ 0 59 

+ 0.48 

4 0.28 

4 0.05 

— 0. 18 

VI ( 47 /) . 

- 1.07 

— 1.29 

— 1.42 

- 1.50 

— I.4S 

— 1.40 

— 1.23 

— 1. or 

VII (»<to). 

— ■ 1.29 

- 1.25 

— 1. 12 

- 0.95 

— O.76 

— 0.56 

~ 0.37 

— 0.22 

VIII ( 4 7 /) . 

— 0.65 

— 0.72 

— 0.77 

— 0.7S 

- O.75 

— 0.69 

— 0.60 

— 0.48 


— 11.72 

— 11.82 

— 11.80 

- 11*75 

— II.63 

-n.49 

— 11.27 

— 1 1. or 

n ih X A, Table IX 

— 1. 12 

— 0.93 

— 0.71 

- 0.47 

- 0.2S 

— 0.06 

4 0.18 

+■ 0.37 



— 12.84 

-12.75 

— 12.51 

— 12.22 

— II. 91 

- 11.55 

— 11.09 

— 10.64 

4 ?/ — 4". 5 . . . 

•“ 17*3 

— 17.2 

— 17.0 

— 16.7 

— 16.4 

— 16.0 

-15.6 

-15. 1 

Table X (F . p) . 

4 0,088 

4 0.082 

4 0.070 

4 0.056 

4 O.O38 

4. 0.019 

— 0.002 

— 0.022 

x (<!/?,). . 

- 0.03 

— 0.07 

— O.IO 

— 0.12 

— O.I4 

— 0.15 

- 0.15 

— 0.14 

(<Sz/ — 4". 5) (F. /?). 

- 1.52 

- 1.38 

- 1. 19 

- O.93 

— O.63 

— 0.30 

4 0.03 

4- 0.33 

W 

~ 1*55 

- 1.45 

— 1.29 

- 1.05 

- O.77 

— 0.45 

— 0.12 

4 0.19 


0 

O 

0 

0 

0 

0 

0 

0 

S ’s longitude . 

46.5 

60.7 

74.6 

88.1 

ior.5 

* 14.5 

127.4 

140.0 


a 

n 

II 

n 

n 

. 11 

a 

,, 

'( 1 H- . a)) 6 v , . 

— 13.08 

-13.49 

—13.84 

— 13-81 

- 13.39 

— I2.6l 

— 11.62 

— 10.67 

0* - • ■ 

+ 0.47 

4 0.32 

4- 0.16 

4 0 . 02 

— 0.07 

— O.09 

— 0.03 

4 0.06 

6 AI . . . . | 

— 12.6 

— 13,2 

— 13.7 

-13.8 

-13.5 

— 12.7 

— 11. 6 

— 10.6 

— o s . 84 

1 

q 

00 

CO 

— o R . 91 

— O fi .92 

— o a .go 

-0 s . 85 

— o s . 78 

— o a . 71 


" 

" 

II 

It 

a 

II 

a 

,r 

(^, 4)4 v . . 

- 3*70 

— 2.64 

- 1 . 41 

— 0.18 

4 1.02 

4 2.05 

4 2.84 

4 - 3-35 

(1 +p.d)$p . . 

— 1.50 

— 1.42 

— 1.28 

- 1.05 

- O.77 

- 0.44 

— 0.12 

4 0.18 

4 Dec. , * 

~ 5*2 

- 4. 1 

- 2.7 

— 1.2 

4 0.2 

4 1.6 

4 2.7 

: 

+ 3-5 
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l his computation has been continued to 1875, January 3 1, and the lesults aie 
show n m the following table 

Co) reckons to the Eph emeus deuced ftom Hansen's Tables of the Moon , for G> eenwich 
mean noon of each day, from 1874, September 1, to 1875, Januarj 31 


Gr me in 


Correction to tabular — 


Long Lit R A Dec 


Gr mein 


Coirection to tabulai — 


Long Lat R A Dec 


1S74 

Sept 1 


1874 

Oct 11 





c 


TABLES. 
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TABLES 


Table I 

Values of the Aigumuits foi tlu begin- 
ning of each yca> 


Table II 

Reduction of the At guinea ts to the zeto- 
day of each month 


Year 


D 

A 

£ 

u 

Month 

s 

D 

A 

B 

u 

1850 

1 8 

16 7 

6 3 

4 3 

25 5 

Jan 

0* 

0 0 

0 0 

0 0 

0 0 

0 0 

1851 

S 0 

27 3 

0 0 

12 7 

9 5 

Feb 

o x 

3 4 

1 5 

14 9 

3 6 

3 8 

1S52 B 

16 4 

0 4 

10 9 

22 1 

21 7 

Mir 

0 

3 9 

0 0 

10 6 

4 1 

4 6 

1853 

23 1 

20 0 

4 7 

3 1 

5 8 

April 

0 

7 3 

1 4 

9 3 

7 7 

8 4 

1854 

2 4 

I 1 

14 6 

11 5 

17 0 

May 

0 

9 8 

1 9 

7 0 

10 3 

11 2 

1855 

9 2 

11 S 

8 4 

19 9 

1 0 

J unc 

0 

13 2 

3 3 

5 7 

13 8 

14 9 

rSsfi B 

1 7 0 

23 4 

3 2 

1 9 

13 3 

July 

0 

15 7 

3 8 

3 5 

16 4 

17 7 

1857 

23 8 

4 5 

*3 r 

10 3 

24 5 

Any 

0 

19 I 

5 3 

2 2 

20 0 

21 5 

IS58 

3 0 

15 1 

6 9 

is 7 

S 5 

Sipt 

0 

22 6 

6 8 

0 9 

23 6 

25 2 

iS5y 

9 8 

25 S 

0 7 

27 1 

19 8 

Oct 

0 

25 0 

7 2 

14 8 

26 1 

0 9 

i860 li 

17 6 

7 9 

11 6 

9 1 

* 8 

Nov 

0 

0 9 

8 7 

13 5 

2 3 

4 7 

lS6l 

24 4 

IS 5 

5 3 

17 5 

16 0 

Dec 

0 

3 3 

9 1 

11 2 

4 8 

7 5 

1862 

3 (> 

29 2 

15 2 

25 9 

0 1 








IS6 3 

10 4 

10 2 

9 0 

6 9 

11 3 

A In 

January and February of leap-years, 

1S64 B 

iS 2 

21 9 

3 7 

16 3 

23 6 

the numbers taken fiom Table II arc 

to be 

1865 

25 0 

3 0 

13 7 

24 7 

7 6 

diminished by a unit 




i860 

4 2 

13 6 

7 4 

5 7 

iS 8 








CO 

11 0 

24 3 

I 2 

14 1 

2 8 



Table III 



i SOS B 

IS s 

g i 

12 1 

23 5 

15 1 








1 S69 

25 6 

17 0 

5 9 

4 4 

26 3 


Pu was of the Arguments, 


1S70 

4 S 

27 6 

15 s 

12 8 

10 4 


~ 

“ 

- - 


~ — 

- - 

1871 

11 0 

8 7 

9 6 

21 3 

21 6 



s 

D 

A 

B 

u 

1S72 B 

19 4 

20 4 

4 \ 

3 2 

6 6 








1873 

26 2 

1 5 

14 3 

II 6 

17 9 








1S74 

5 4 

12 1 

8 0 

20 0 

1 9 

P 


27 6 

29 5 

16 1 

27 4 

27 2 

1875 

12 2 

22 7 

1 8 

1 0 

13 1 

2 P 


55 1 

59 1 

32 3 

54 9 

54 4 







3 P 


82 7 

88 6 

48 4 

82 3 

81 6 

1S76 B 

20 0 

4 S 

12 7 

10 4 

25 4 








1S77 

26 S 

15 5 

6 5 

18 8 

9 1 

4 P 


IIO 2 

118 1 

64 0 

109 7 

108 8 

1S7S 

6 0 

26 1 

0 3 

27 2 

20 7 








1879 

12 8 

7 2 

10 2 

8 2 

4 7 








1S80 ii 

20 6 

18 8 

5 0 

17 6 

i6 9 








1SS1 

27 4 

29 4 

14 9 

26 0 

1 0 








1882 

6 6 

10 6 

8 6 

7 0 

12 2 








ISS3 

13 4 

21 2 

2 4 

15 4 

23 4 








1S84 B 

21 2 

3 3 

13 3 

24 8 

8 5 








1SS5 

0 5 

13 9 

7 1 

5 8 

19 7 








1886 

7 3 

24 6 

0 9 

14 2 

3 7 








1887 

14 0 

5 7 

10 8 

22 6 

15 0 








1888 B 

21 8 

17 3 

5 5 

4 6 

0 0 








1889 

28 6 

27 9 

15 4 

13 0 

11 2 
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Table IV 

Secular Terms 

Table V 

Argument A 

Table VI 

Argument B [frrfirnal ft 

i m) 

Sv 

Year 

n 6 z 


Diff 

1 

(h> 

B 



H 


1S4S 

0 

0 

00 



1 

0 


u 

00 

0 


0 

00 

40 

4 - 

0 

39 




+ 

0 

20 













1S49 

0 

+■ 0 

20 



1 

— 

0 

23 

r 

+ 

0 

34 

4 i 

T 

0 

<15 

1S50 

a 

0 

40 


0 


2 

— 

0 

44 

2 


0 

06 

42 

— 

0 

29 

1851 

0 

0 

60 


0 

20 

3 

— 

0 

57 

3 


0 

95 

43 

_ 

0 

62 



80 


0 

20 

4 



0 

62 








1S52 

0 

0 







57 

4 


1 

19 

44 

-- 

0 

91 





0 

20 

5 

— 

0 









1S53 

0 

1 

00 

4 - 

0 

20 

6 

— 

0 

44 

5 

+ 

1 

37 

45 

-*- 

1 

10 

1854 

0 

-1- 1 

20 


0 

20 

7 

- 

0 

25 

6 


1 

47 

46 

— 

1 

3 » 

1855 

0 

1 

\o 

+ 



8 

_ 

0 

02 

7 


1 

50 

47 

— 

1 

46 

1S56 




0 

10 





8 








0 

1 

50 



9 

+ 

0 

22 


1 

45 

48 

- 

1 

50 






0 

00 













iS D 7 

0 

1 

50 




10 


0 

42 

9 


1 

32 

49 

— 

r 

46 

iS 3 S 

0 

1 

50 


0 

00 

1 1 


0 

56 

10 

4 - 

1 

13 

5 ° 

— 

1 

31 

iS 3 g 

0 

+ 1 

50 


0 

00 

12 


0 

62 

11 


0 

88 

5 i 



1 

16 





0 

00 

13 


0 

58 








1S60 

0 

1 

50 






12 


0 

57 

52 

— 

0 

91 

1861 




0 

00 

14 

+ 

0 

46 







0 

1 

50 


0 

00 

15 


0 

26 

13 

+ 

0 

25 

53 

— 

0 

<)2 

1S62 

0 

1 

50 


0 

03 

16 

4 - 

0 

03 

14 

— 

0 

10 

54 

— 

0 

29 

1863 

0 

1 

47 


1 

12 


- 

0 

20 

15 

— 

0 

44 

55 

+ 

0 

<>5 

1864 

0 

+ 0 

35 


1 

08 

IS 

— 

0 

42 

16 

— 

0 

75 

56 


0 

39 

JS05 

0 

— 0 

73 



19 

— 

0 

56 

17 

— 

1 

03 

57 


0 

71 

1S66 

0 

— 1 

77 


1 

04 

20 

- 

0 

62 

18 

— 

1 

25 

58 


0 

99 

1867 

0 

— 2 

77 


1 

00 

21 

— 

0 

59 

*9 

_ 

1 

40 

59 


1 

22 

1S08 

0 

- 3 

73 


0 

0 

96 

92 

22 

23 


0 

0 

47 

28 

20 

- 

1 

49 

60 

{- 

1 

39 

1S69 

0 

- 4 

65 


0 

8S 

24 

— 

0 

05 

21 

— 

1 

49 

61 


1 


1S70 

0 

- 5 

53 


0 

84 

25 

+ 

0 

19 

22 

- 

1 

42 

62 

1 


1 


i S7 r 

0 

— 6 

37 


0 

80 

26 


0 

40 

23 

— 

1 

27 

| 63 


1 

H 

1872 

0 

- 7 

T 7 


0 

76 

27 


0 

55 

24 

- 

1 

06 

! 64 


1 

3 f > 

1S73 

0 

- 7 

93 


0 

y w 

72 

28 


0 

62 

25 

- 

0 

79 

1 f '5 

!- 

1 

nS 

1574 

1575 

1576 

0 

0 

0 

- 8 65 

- 9 33 

- 9 97 

- 

0 

0 

0 

68 

64 

60 

29 

30 

31 

32 

+ 

4 - 

0 

0 

0 

0 

59 

49 

30 

07 

26 

27 

28 

4 - 

0 

0 

0 

48 | 

; 

>9 ! 

1 60 

0 7 

6S 

1 

0 

0 

0 

h 3 

53 

*9 

1S77 

0 

- 10 

57 



0 

56 

33 


0 

17 

29 


0 

53 i 

69 


0 

* 5 ’ 

1S7S 

0 

— 11 

13 


0 

52 

34 

— 

0 

38 

30 

4 - 

0 

33 

, 70 

— 

0 


1879 

0 

— 11 

65 


0 

43 

35 

- 

0 

54 

31 


I 

oS 

7 i 

- 

0 

79 , 

1880 

0 

— 12 

13 



36 

- 

0 

62 

32 


1 

30 

72 

— 

1 

06 | 

— 




— 

— 


37 

— 

0 

60 

33 


1 

44 

73 

— 

1 

27 i 








33 

— 

0 

49 

34 


1 

50 

1 74 



42 








39 

40 

I 

0 

0 

31 

09 

35 

+ 

1 

43 

75 

- 

1 

49 








41 

4 - 

0 

15 

36 


1 

39 

! 7 & 

— 

1 

49 








42 


0 

33 

37 


1 

22 

77 

- 

1 

i<> 








43 


0 

54 

3 S 


0 

99 

78 

- 

1 

25 1 








44 


0 

61 

39 


0 

7 i 

79 

- 

1 

°3 








45 


0 

60 

40 

4 - 

0 

39 

80 

— 

0 

75 








46 

+ 

0 

5 i 
















47 


0 

33 
















43 

+ 

0 

10 
















49 

- 

0 

14 








5 








50 

- 

0 

36 
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Table VII, n 62 

A) gimicnts, D and the month 


D 

J in 

rel) 

Mai 


Apnl 

M ly 

J une 

July 

Aug 

Sept 

Oet 

Nov 


Dee 

0 

— 0 OI 

— 0 

03 

n 

— 0 

04 

- 0 04 

- 0 03 

—0 

or 

4-0 01 

4-o 03 

4-0 04 

-bo 04 i 

4- 

0 

03 

4 - 

O OL 

1 

+ 0 03 

ho 01 | 

+ 0 

02 

4-0 03 

-ho 05 

4-0 08 

4-0 10 

4-0 ir 

4-0 

1 r 

-bo 

10 ' 

4- 

0 

07 | 

4- 

0 05 

2 

0 oS 

0 

09 

0 

lO 

0 13 

0 

16 

0 

19 

0 21 

0 20 

0 

19 

0 

If) ! 


0 

! 3 | 


0 10 

3 

0 if) 

0 

19 

0 

22 

0 20 

0 

29 

0 

32 

0 34 

0 31 

0 

2S 

0 

24 1 


0 

2 1 


0 iS 

4 

0 29 

0 

32 
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Table IX 
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Table XI 


Facfon for convening small chants of longitude and latitude into changes of nght ascension and decimation 

Aigumtnh , D 's longitude and latitude 

F okmul 1 <]a — (hr 4 - (v a) 6v + (ft a) 6ft t 

66 - 6ft 4 - (v 6)6v 4 - (ft 6) 6ft 


D’s long 




{v «) 






( P «) 



(» 




P 

— ~ 5 ° 


0° 


4 * 5 ° 

p 

= -s* 

o° 

+ 5 ° 


(A S ) 


270 

27s 

2 So 

4 - 

133 + 
131 

126 4- 

4 - 

090 4- 
089 

084 4- 

4 - 

050 4. 
049 

045 4 - 

- 

000 

043 4 - 
0S5 4~ 

- 

000 

0 |I 4 - 

oSr 4- 

- 

OOO 

040 4- 
079 4 - 

4 - 

000 

038 — 
075 - 

- 

000 

001 - 
003 — 

0 

270 

265 

260 

2S5 

290 

295 

4 - 

117 

r °5 

091 4- 

4 - 

076 

066 

055 + 

4 - 

039 

030 

02 1 4- 

— 

126 

165 

202 h 

- 

121 

158 

193 + 

— 

117 

*54 

188 4- 

4 - 

ill - 
147 ~ 
180 - 

- 

006 — 
on — 
016 — 

255 

250 

245 

300 

30 S 

310 

+ 

074 

057 

030 4 - 

+ 

4 - 

041 

027 
on 4- 

4 - 

009 4- 
003 - 
016 — 

— 

235 

26 s 

292 4- 

- 

226 

256 

2S2 4- 



220 

250 

277 4 - 

4 - 

212 — 
242 — 
269 — 

- 

023 — 
030 — 
037 - 

240 

235 

230 

3*5 

320 

325 

4 - 

4 - 

021 

003 4 
014 — 

- 

004 — 
018 — 
032 - 

- 

028 ~ 
040 — 
052 — 

- 

316 

353 + 

— 

306 

326 

344 4 - 


301 

322 

340 4 * 

4 - 

2 Q 3 ~ 
3*5 - 
335 - 

- 

044 - 
051 - 
058 — 

225 

220 

215 

330 

335 

340 


030 - 
044 - 
056 — 

- 

045 - 
056 — 
065 — 

— 

061 — 
070 ~ 
077 - 

- 

368 

379 

3S8 + 

- 

359 

371 

381 4 - 

- 

356 

369 

379 + 

4 - 

352 - 
366 — 
378 ~ 

- 

064 — 
069 — 
074 - 

210 

205 

200 

345 

35 ° 

355 

- 

066 — 
074 - 
080 — 

- 

073 ~ 
078 — 
081 - 

- 

082 — 
085 — 
085 — 

- 

395 

399 

40 1 4^ 

“ 

388 

394 

397 4 - 

E 

38S 

394 

399 4 - 

4 - 

386- 
393 ~ 
397 - 

- 

078 — 
080 — 
082 — 

*95 

190 

185 

0 

5 

10 

- 

054 - 

055 - 
085 — 

— 

0S3 - 
081 — 
078 — 

- 

0S4 — 
080 — 
074 - 

— 

401 

399 

394 4 


398 

397 

394 + 

— 

401 

401 

399 4 - 

4 - 

398 - 
397 ~ 
393 ~ 

- 

082 — 
082 — 
0S0 — 

180 

175 

170 

15 

20 

25 

- 

082 — 
077 ~ 

070 — 

- 

073 ~ 
06s — 
056 — 

— 

066 — 
056 — 
04 | — 

— 

3S8 

379 1 

3&<3 +■ 



388 

381 

371 4 - 

_ 

395 

388 

379 4 - 

4 * 

3S6- 
378 - 
366- 

- 

078 — 
071 - 
069 — 

165 

160 

*55 

30 

35 

40 

- 

061 — 
052 — 
040 — 


045 - 
032 - 
018 — 

f- 

030 - 
014 — 
003 4- 

- 

35 f) 

340 

322 + 

- 

359 

344 

326 4- 


368 

353 

336 4 - 

4 - 

352 - 
335 - 
3*5 ~ 

- 

064 — 
058 — 
051 - 

150 

*45 

140 

45 

50 

55 

- 

028 — 
016 — 
003 - 

4 - 

004 - 
oil 4- 
027 4- 

+ 

021 

039 

057 4 - 

— 

301 

277 

250 4- 



306 

282 

256 4- 

, 

316 

292 

265 + 

4 - 

293 - 
269 — 
242 — 

- 

044 - 
037 - 
030 - 

*35 

130 

125 

60 

65 

70 

4 - 

009 4- 
021 

030 4- 

4 - 

041 

055 

066 f- 

4 ~ 

074 

091 

105 4- 

- 

220 

18S 

154 + 



226 

193 

158 4 - 

E 

235 

202 

165 4- 

4 - 

212 — 
180 — 
147 - 

- 

023 — 
016 — 
on — 

120 

115 

no 

75 

So 

85 

+ 

039 

045 

049 4 - 

4 - 

076 

0S4 

089 4- 

-u 

117 

126 

131 4 - 

- 

117 

079 

040 4- 



121 

081 

041 4- 

E 

126 

085 

043 4 - 

4 - 

4 - 

in — 
075 - 
038 — 

- 

006 — 
003 — 
001 — 

105 

100 

95 

90 

4 - 

050 -h 

4 - 

090 4- 

4 * 

133 *- 


000 


000 


000 


000 


000 

90 



= -5° 


o° 

♦' 1 

P= 

= -5° 

0° 

+ 5 ° 




D*s long 


© 



INSTRUCTIONS 


1<Ok 


OBSERVING THE TRANSIT OF VENUS, 


DEOEMBKU (5, 


1HH2, 


JWEI'AUM) ]}\ 


THE COMMISSION AUTHORIZED BY CONGRESS, 


PRINTED FOR THE USE OF THE OBSERVING PARTIES BY AUTHORITY 


OF THE HON. SECRETARY OF THE NAVY. 




WASHINGTON 

GOVERNMENT PRINTING OI’I’XOE. 
1 882 , 



[General Order J 


Navy Department, Washington , August u, 1882 

The paities organized by the Secretaiy of the Navy to observe the Transit of 
Venus in December, 1882, undei the authority of an act of Congress approved August 
7, 1882, aie organizations invested with naval character; and subject to naval rules, 
regulations, and discipline The command of each paxty is assigned to the Chief 
Astronomei, to whose authonty all others will be obedient 

The following is the ordei of rank and authority in each party, viz 

1 Chief Astronomei 

2 Assistant Astronomer 

3 Chief Photographer 

4 Assistant Photogiapher. 

This order will be lespected and followed as the older of rank and succession in 
each paity undei all circumstances, including the contingencies growing out of any 
separation of the party, or the happening of any vacancy 

The party destined for the coast of Patagonia, about to embark in the U S 
steamei Brooklyn, will be personally subject to the authority of the commanding offi- 
cer while on board that ship, and to its discipline, police authorities, and regulations 

The gentlemen engaged in this interesting and important service will readily and 
fully understand that discipline, harmony, and co-operation are essential to its satisfac- 
tory peiformance as well as to then own safety and convenience, and that for this 
icason they have been required to assume the obligations, and are subjected to the lules 
of the naval service 

WM E CHANDLER, 

Secretary of the Navy. 
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. Navy Depahtment, Washington, August u, 1882 

The following instnictions, piepaied Iby the Commission on the Tiansit. of Venus, 
are issued, under the authority of this Department, for the guidance and government 
of the pai ties charged with the duty of malting the observations of the Transit Every 
peison engaged in the scientific operations is enjoined to study them carefully and to 
confoim to them strictly 

WM E CHANDLER, 

Secretary of the Navy 
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I.— INTRODUCTORY NOTE. 

The following instructions were prepared primarily for the use of the parties organ- 
ized by tlie U. S. Transit of Venus Commission. But as the transit will be visible in 
this country, they have also been adapted to the use of amateur observers who desire 
to be made acquainted with the methods by which they may make observations of 
value. 

II.— SELECTION OF STATION. 

In choosing ground for a station, it is most important to obtain good foundations 
for the instruments. Gravel is best, but a sandy soil is unobjectionable, if the sand is 
not dry. 

A nearly level spot, measuring at least sixty feet from north to south, is necessary 
for setting up the transit instrument and photoheliograph. The floor of the photo- 
graphic house must be eight and a half inches lower than that of the transit house, and 
it will be advantageous if the natural slope of the ground gives that amount of fall; 
but if it does not, one or other of the houses must be elevated to obtain the proper 
difference of level between them. For the sake of dryness, the sills of the houses 
should be raised three or four inches above the surface of the soil. In many situa- 
tions this can be convenietly done by driving stakes about four inches square into the 
ground, setting the houses upon them, and nailing them fast. In other places it may 
be necessary to use small piers of stone or brick. 

Shelter from the prevailing winds is to be sought for; but great care must be 
taken that the sun be visible from the point occupied by the photographic objective, 
and by the equatorial telescope, during the whole time of the transit, and, indeed, a 
little longer. For this and other purposes, the observers must make sure of the exact 
local times of all the contacts. 

After the site for the station is selected, a survey of the surrounding region must 
be made to determine the location of the station relatively to neighboring permanent 
objects. If a large scale map of the region can be obtained, the position of the 
station may be marked upon it; but if no such map is available, one must be made. 
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A carefully-wntten description of the position of the station must also accompany 
the map The object of these records is to provide means for relocating the station 
within one or two hundred yards at any future time 

Iir— LAYING OFF GEOUND, AND SETTING UP INSTKUMENTS. 


The approximate position of the meridian-line, on which aie to be placed the 
three pieis for supporting the transit, the photographic objective, and the plate-liolder, 
being detei mined by compass or otheiwise, the next two operations, which may be 
carried on together, will be the laying down of an exact meridian-lme and the election 
of a pier for the transit 

As soon as the position of the transit pier is decided, a point should be selected 
about seven feet east or west of its centei , from which to lay off a meridian-line by 
the theodolite The latter instrument being placed over this point, a stake should be 
dnven nearly south or north of it, and at a distance of not less than one hundred 
feet, and then the azimuth of the line joining the instrument and the stake should bo 
found fiom observations of the sun or stais made on both sides of the m endian 
From this line of known azimuth a true meridian-line should next be laid down, and 
that can be done either with the theodolite, or by setting off a pioper offset fiom the 
stake Perhaps the latter is the better method 

The foundation of the transit piei should be three or four feet below the surface 


of the ground, and, in northern stations, below the reach of frost, if practicable The 
last earth at the bottom of the excavation should be carefully removed with a spade 
m horizontal slices, so as to produce a clean, haid, surface for the footing course to rest 
upon It is desirable to prevent the surface earth pressing against the sides of the 
pier, and for that reason a vacant space one or two feet deep should be left around 
it a curb being used to keep back the earth, if necessary The sides of the pier must 
face the cardinal points accurately Above ground, it should measure twenty-one 
inches from noith to south, and twenty-five inches fiom east to west, below, it may 
be from thiee to three and a half feet square The cap-stone must be twenty-fom by 
twenty-eight inches, and three inches thick The tiansit house must be built around 
the pier aftei the latter is erected, the floor of the house being placed twenty-nine 
inches below the top of the pier 

In the northern hemispheie the photographic house will be south, and m the 
southern hemisphere north, of the transit house The positions and depths of the holes 
for the non piers of the photoheliograph can be readily determined by means of the 
meridian line and the numbers in Table I The holes may be dug at any time, but 
e piers cannot be set until the tiansit instillment has been brought into the meridian 
and its enors made as small as possible The lower ends of the piers have thin od^cs 
and to Prevent them settling into the ground they should be placed upon largest 

r: s£ t t °* am ot 4e hoies Tie c ° nditas “ » erecL g Zpit; 

i The flanged ends of the piers must be uppermost 

, 2 ‘ larger of the two piers carries the photographic objective, and goes nearest 
ttetramt house It, center must be about fourteen feet from the center of the transit 
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3. The distance between the centers of the two piers must be as stated in Table I. 

4. The height of the upper surface of the flange of each pier, or, in other words, 
the height of its top, must be as stated in Table I. 

5. The centers of the two piers must be in the plane of the true meridian pass- 
ing through the transit instrument. 

6. The piers must stand perfectly plumb. 

7. The screw-holes in the flanges of the piers must be so placed that in each pier 
the hole nearest the transit house is in the plane of the meridian — that is, in the plane 
passing through the centers of the piers. The aperture in the side of the plate- 
holder pier must also be in the meridian, but must face away from the transit house. 

The simultaneous fulfillment of so many conditions is troublesome. A convenient 
way of proceeding will be to tack a lath across the slit in the transit house at a point 
four feet above the floor, and from it to stretch a cord, perhaps sixty feet long, in the 
meridian of the transit instrument and horizontally. A strip of wood must also be 
jammed into the top of each iron pier in such a way that a five-penny nail can be driven 
into it, and be left projecting an inch, to mark the center of the pier. Then, by stick- 
ing pins through the line at the points beneath which the centers of the piers must be 
located, the latter can be brought very approximately into position. In making the 
final adjustments, an engineer’s level and a theodolite will be required. The engi- 
neer’s level should be set up about sixty feet from the transit pier, and in such a posi- 
tion that the latter can be seen through the door of the transit house. The theodolite 
must be mounted behind the transit house, and in the meridian of, but a little higher 
than, the transit instrument, so that the tops of the iron piers can be seen over the 
latter. By moving the transit instrument in altitude only, and the theodolite in both 
altitude and azimuth, the two instruments must be pointed on each other, and the im- 
age of the central wires of the transit must be brought into coincidence with the cent- 
ral wires of the theodolite, and then the line of collimation of the latter will describe 
a plane parallel to the meridian of the former. This suffices for our purpose ; but if 
it is desired to bring the meridians of the two instruments into absolute coincidence, it 
can be done by shifting the theodolite towards the east or west until the images of 
the two objectives given by the theodolite eye-piece are seen to be concentric. For 
that purpose a magnifier is necessary, and care must be taken that the coincidence of 
wires of the two instruments is left perfect. Thus adjusted, the theodolite will show 
with great precision when the centers of the piers are in the meridian of the transit 
instrument ; and the engineer’s level will show equally exactly when their tops are at 
the proper height. 

Instead of using a theodolite to place the piers in the meridian, the transit 
instrument itself may be employed, if its objective is covered by a cap having a dia- 
metral slit one-fifth of an inch wide. This slit must be placed truly vertical, and then 
it will be possible to obtain somewhat indistinct vision of any vertical line situated in 
the meridian of the instrument and having a diameter not less than the width of the 
slit. If the centers of the piers are marked by twenty-penny nails, instead of five- 
penny ones, they can be seen through the transit. To guard against error, after a 
pier has been apparently brought into the meridian, the cap should be twisted through 
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half a revolution, and if that produces any change in the position of the image in the 
transit, the mean of the two positions will be the true one, and the center of the pier 
must be adjusted accordingly 

The pier for the photographic objective should first be brought accurately into 
position, and afterwards the same thing should be done for the plate-holder piei In 
adjusting the distance between the two piers a steel tape-line must be used, not a linen 
one Nails answer well as wedges for making small changes in the heights of the 
piers When all is ready, the piers must be finally fixed by filling the holes around 
them with masonry laid m cement, or with cement concrete — earth does not give suffi- 
cient firmness, and in doing this special care must be taken that they are not accident- 
ally shifted from their true positions Their interiors should also be filled with concrete 
to the level of the ground 


The photographic house must be built around the plate-holdei pier, the floor of 
the house being placed exactly three feet ten and thiee-quarter inches below the upper 
suiface of the flange of the pier 

The cast-iron plates which support the photographic objective and plate-hohlei 
are next to be fixed m position The coffin-shaped plate is to be bolted to the largei 
pier, its long end being turned towaid the photographic house, and at least one washer 
being placed around each bolt, between the plate and the pier, so as to give the former 
a solid beating The coffin plates are not all alike The older ones have pipes at the 
end, to receive the piongs of the piece which supports the objective These pipes must 
be turned downward The newer ones have a planed seat, upon which the bottom of 
the support for the objective is bolted This seat must face upward When the 
objective-carrier is fiist mounted upon the coffin plate, the screw, or screws, which 
hold it should be only lightly set up, but aftei wards, when all has been found light, 
they must be firmly turned home, and the pipes, if there are any, may be filled with 
plaster or cement The round cast-iron disc which carnes the plate-holder is to bo 
secured to the pier in the photographic house by the proper supporting and binding 
screws, care being taken that it is turned in the right dnection 

To mount the plate-holdei, the brass cross must be screwed to the cast-iron disc 
0I \i ° P 3 the P late -h°lder pier, the tube of the cross passing down through the hole 
i ? S< u ij The vertlcal axis of the plate-holder is to be set m this tube, and when 
.. 6 L a f I e ’! 1 ? lde j “ rotated lts ends should just graze the raised ends of the cross bolow 
it Milled-headed screws, passing through slots in pieces at the ends of the arms of 
he cross, are provided for fixing the plate-holder in position, with the reticule plate 
at right angles to the optical axis of the objective * 

The structure for carrying the iron measurmg-rod and the tube of the photohelio- 

Thf next be erected > and the measuring-rod, but not the tube, must be mounted 

twlffij T; ° f sMd b e two feet distant from the nearest edg^ffi 

the coffin-plate, and the position of the measuring-rod must be parallel to butffine 

TuhltTiL ° Pt “ “* 0f 4118 ph0 « C Fortohex di, m "° 


con- 
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IV— MEMORANDA RESPECTING THE PHOTOHELIOGRAPH 

For convenience of reference the measurements required m erecting the horizontal 
photoheliograph are heie recapitulated 

The houses may be set up on stakes 4" square, driven firmly into the ground. 
The uppei sui faces of the floors should be 7" or 8" above the surface of the ground 
The distance from the upper surfaces of the floors to the bottoms of the sills is about 3 

Size of tiansit piei below ground, 3' or 3' 6" square, above giound, 2i"x2^" 
Capstone for ditto, 24"x28' / x 3" Top of pier above floor, 29" Eye-piece of transit 
above flooi, 3' 9^" 

The iron piers for the photoheliograph are 8' o" long The largei of the two 
carries the objective 

Distance fiom center of transit pier to center of pier for photographic objective, 
14' o" 

Photographic house Floor 8J" lower than floor of transit house Distance from 
inner side of wall of house to center of plate-holdei pier, 1 2" The lop of this pier 
is g\" above top of transit pier, and 3' 1 of" above floor of photographic house Cen- 
ter of plate-holder above floor, 4' 6". 

In Table I, the quantities on each line refer to a single photoheliograph The 
number of the objective is given in column A The distance between the back sur- 
face of the objective and the sensitive surface of the photographic plate is given in 
column B, it being assumed that the thickness of the reticule plate is o 25 of an inch 
The distance of the back suiface of the objective from its second puncipal point is 
given in column C The distance between the centeis of the piers which carry the 
objective and plate-holder is given in column D The height of the top of the objective 
pier above the top of the tiansit pier is given m column E The number of tlie meas- 
uring-rod to be used with each objective is given in column F The length of each 
measuring-rod, at 62° Fahrenheit, is given in column G- 

Table I 


A, 

B 

C 

D 

E 

F 

G 


Inches 

Inch 

Inches 

Inches 


Inches 

1 

462 51 

0 711 

477 6 

10 4 

VIII 

451 491 

2 

465 08 

682 



VII 

453 498 

3 

462 27 

674 

476 9 

9 4 

II 

450 437 

4 

463 33 

718 

478 8 

10 4 

VI 

451 946 

5 

464 79 

538 

479 9 

10 4 

III 

453 488 

6 

472 90 

708 

488 5 

10 4 

I 

461 425 

7 

461 20 

644 

476 4 

10 4 

V 

449 485 

8 

461 30 

0, 708 

476 0 

9 4 

IV 

450 357 


The expansion of the measuring-rods may be taken as o 0000070 of their length 
for one degree Fahrenheit 
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V —ADJUSTMENTS OF THE PHOTOHELIOGRAPH. 

The photoheliograph must fulfill the following conditions 

1 The sensitive surface of the photographic plate must be at the focus of the 
objective 

2 The line joining the optical center of the object-glass and the cross-lines in the 
middle of the reticule plate must be in the tiue meridian, within a fiaction of a minute 
of arc 

3 The same line must be horizontal, within the same lim its 

4 T.he optical axis of the objective must be directed toward the center of the 
reticule plate 

5 The reticule plate must be perpendicular to the line joining its center and the* 
center of the objective 

6 To let the plumb line hang fieely, the sides of the plate-holder must be verti- 
cal, and that will be attained by making its top level 

These adjustments are made as follows 

1 By the aid of the measuring-rod, set the coffin -plate so that the distance between 
the back surface of the objective and the sensitive surface of the photographic plate is 
as stated m column B of Table I To guaid against eirors, aftei the adjustments i 
to 4 have been made, lemove the brass plate-holdei and use the wooden one to take a 
number of photographs of the sun at diffeient distances inside and outside the focus. 
The points at which the small spots on the sun begin to disappear when the plate is too 
far in, and again when it is too far out, must be noted The mean of the two positions 
is the true focus If, after repeated trials, it differs more than one-quaiter of an inch 

from the point found by measui onient, the position of the objective must be changed 
accordingly 

2 When the photographic objective is m position, point the telescope of the 
transit instrument at it, and set a bull’s-eye lantern behind the center of the reticule- 
p ate I he lines upon the latter will then be visible through the transit, but not very 
distinctly, because the photographic focus of the photoheliograph differs considerably 
from its visual focus If there is any difficulty in seeing and identifying the intersection 
ot the central lines, gum a small triangular bit of paper upon the reticule-plate with 
one of its angles at the point in question; or rule a little cross with ink, making its 
mes not more than half an inch long, and taking care that they coincide exactly with 
the etched lines of the plate If the azimuth and collimation of the transit are quite 
right, its middle vertical wire should be on the middle vertical line of the reticule- 

plate If it is not found so, the enor must be coriected by moving the brass cross 
which carries the plate-holder 

. 3 Poi nt transit so that its middle horizontal wire accurately coincides with 
the image of the middle horizontal line of the reticule-plate, and clamp it firmly in that 
posffion Then set up a carefully adjusted engineer’s level between the transit house 
and the photographic objective, point it into the latter, and bring its horizontal wire 
into accurate coincidence with the image of the middle hoiizontal line of the reticule- 
plate Read the bubble of the level, and if it is within six or eight divisions of the 
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middle of its scale the height of the plate-holder is probably satisfactory. To make 
sui e of this, point the level at the transit, bring its horizontal wire into exact coinci- 
dence with the middle honzontal wne of the latter, and again read its bubble Half 
the distance traveled by the babble between the two readings will be the eiroi of level 
of the center of the reticule-plate 

Probably at the first trial the bubble will mn all the way to one end or the other 
of its tube If, at each pointing, it luns to the end nearest the photogiaphic house, 
the 1 eticule-plate is too high, but if to the end nearest the tiansit house, the reticule- 
plate is too low In either case the error must be collected by changing the elevation 
of the plate-holder, or by changing the elevation of the coffin-plate, or by both The 
height of the plate-holder is controlled by the adjusting-screws of the iron disk sup- 
porting it, and the altitude of the coffin-plate may be modified by inci easing or dimin- 
ishing the numbei of washers under it 

If instead of an engineer’s level a level of precision is employed, its telescope 
must be pointed at the center of the reticule-plate, and its bubble must be lead, 
reversed, and read again Let the difference of these two readings be A Then the 
telescope must be rotated about its optical axis through half a revolution, once more 
pointed at the center of the reticule-plate, and, as before, the bubble must be read, 
leveised, and lead again Calling the difference of this last paii of leadings B, the 
error of level of the center of the reticule-plate will be \ (A + 1 ?) The object in 
rotating the telescope through half a revolution is to eliminate its collimation-error 

4 After the plate-holder is fixed m its tiue position, adjust the objective by its 
three suppoi ting-screws so that if a candle in the photogiaphic house is held in the 
line passing through the centers of the objective and 1 eticule-plate, its thiee reflections 
from the objective will also lie in the same line Instead of a candle, it is sometimes 
convenient to use a reflector consisting of a card-boaid disc two or three inches in 
diameter, with a hole one-quaitei of an inch in diametei through its center In that 
case, the thiee images of the hole reflected from the objective must he in the line m 
question 

5 Adjust the reticule-plate so that if a candle m the photographic house is held 
as far as possible fiom it, and in the line passing through its center and the centei of 
the objective, the leflection of the candle from the reticule-plate will also lie in the 
same line Here, again, a card-boaid reflector may be used instead of a candle The 
adjustment is made in altitude by the screws suppoi ting the iron disc which carries 
the plate-holder, and in azimuth by turning the latter on its vertical axis When all 
is right, the screws confining the plate-holder must be firmly turned home 

If this adjustment is correctly made the surfaces of the reticule-plate* will be 
vertical This may be independently tested in two ways 

(a) Set the engineer’s level outside the house, at the height of, and near the cen- 
tral line joining the objective and plate-holder, in either direction fiom the latter, and 
at such distance from it, not less than 15 or 20 feet, as will be favorable for the obser- 
vation Point the level at the plate-holder, turn the latter so that a horizontal line 
upon the surface of the reticule shall be perpendiculai to the line from the level, and 
adjust the focus of the level so that its objective can be seen by reflection from the 
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reticule-plate If the plate is vertical, and the level properly adjusted, the horizontal 
wire of the level will bisect the reflected image of the objective The latter should 
letuinto its position when the plate-holder is turned half-way round on its axis, so 
that the reflection takes place from the other surface 

(6) Adjust the base of the plate-holder so that the bubble of a level set upon 
its top shall not vary greatly in position when the holder is turned on its axis 

If these two tests cannot be both satisfied within one or two minutes of arc by 
the same adjustment, the chief should endeavor to ascertain what is wrong, though it 
may not be advisable foi him to try to correct it 

6 The vertically of the sides of the plate-holder is controlled by the suppoi ting 
screws of the iron disk which cairies it An ordinary carpenter’s level suffices to show 
when the adjustment is conect 

The adjustments from i to 6 are necessanly made consecutively, and they must 
be gone ovei a second time to make sure that the later ones have not disturbed tlioso 
first established 

vr— THE HELIOSTAT. 


As the hehostat will presently he needed, it should now be set in front of the 
objective, upon the coffin-shaped plate, and the three adjustments which it loqiuTos 
should be made They aie as follows i Its main axis must be brought into the 
plane of the mendian, 2 Its main axis must be set at that inclination which will 
keep the sun’s image most nearly at a constant height upon the reticule plate; 3. The 
duving-clock must be arranged to lotate the mam axis at the proper speed Extreme 
accuracy in these adjustments is supeifluous, because, in order to obtain freedom from 
vibration, a foim of heliostat has been adopted which can thiow the sun’s rays only 
approximately m a constant direction A convenient way of pioceeding, and one 
which will probably give as good results as any, will be to make the first adjustment, 
by estimation, using a ruler laid against the cube of the main axis to aid the judgment,; 
and then to effect the second and third adjustments by trial 

If more exactness is desired, the first adjustment may be made by setting the 
muror at right angles to the mam axis of the heliostat, and then setting the latter so 
that the mirror is also at right angles to the axis of the photographic telescope The 
setting of the mirror is accomplished when the direction of a ray reflected fiom its fiist 
surface is not affected by rotating the main axis, but in applying this test care must 
be taken not to mistake the ray reflected from the second surface for that from the 
first Then the main axis is brought into the plane of the meridian, and made hori- 
zontal, oy setting the heliostat so that it will reflect back upon itself the light fiom a 
candle held at the eentei of the reticule-plate The proper mclmation for the main 

“T a ? d th * e axis can be set b y “s of a clinometer; but the 

rating of the driving-clock can only be effected by trial 

th A ^ h 7; er “ utb and level of the center of the reticule-plate are determined, 

‘°, bC T° V6d fr0 ” 4116 Plate; and to save troublet 
eta mng it to its proper place, the points where its feet rest should be marked. 
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The driving-clock is provided with three pulleys, whose time of revolution may 
be varied from 37.8 seconds to 42.3 seconds by raising or lowering the pendulum bob. 
The screw of the heliostat carries two- wheels, either of which can be connected by a 
leather band to any one of the driving-clock pulleys; and by making suitable combi- 
nations, the screw can be driven at any desired speed between the limits 58.8 seconds 
and 115.0 seconds per revolution. This suffices for all localities. Sometimes the 
pendulum of the driving-clock takes a wabbling motion, moving in an ellipse instead 
of a circle. When this happens it is generally occasioned by friction at the point of 
suspension, and a little oil will remedy the difficulty. 

VII.— THE EXPOSING SLIDE. 

The frame carrying the exposing slide must be screwed to the inner surface of 
the wall of the photographic house in such a position that the line joining the centers 
of the objective and reticule-plate passes through the center of the opening in the 
frame. Upon each end of that surface of the slide which is nearest the objective 
a target is painted, and whenever the slide is brought into contact with the pieces 
which limit its motion, one other of these targets covers the aperture in the frame, 
and is visible to a person standing at the objective. If the image of the sun given by 
the latter is then centered upon the target, it is intended that it shall also he found 
centered upon the reticule-plate when the slide is moved across the opening in the 
frame. To secure this result, the adjustments of the photoheliograph should be com- 
pleted before the frame is put up, and special pains should be taken to fix it exactly 
in its right position. 

By means of the six milled-lieaded screws upon the slide, the brass plates can be 
set so as to give any desired width of slit; but in doing this care must be taken to 
keep the center of the slit coincident with the center of the opening in the slide, 
because the automatic key for recording the instant of exposure upon the chrono- 
graph is arranged to break when the centers of the openings in the slit and its frame 
coincide with each other. It is sometimes desirable to see the entire image of the 
sun upon the reticule-plate, and the slit is arranged to open wide enough for that. 

VIII.— THE TUBE. 

Experience has shown that for a photoheliograph of thirty-eight and a half feet 
focus twelve feet of tube is sufficient. For convenience of transportation, that fur- 
nished to the parties is slightly conical, and in two-feet lengths packed inside each 
other. In mounting the tube, four points require attention, namely: 1. The largest 
end of the tube should pass snugly through the wall of the photographic house and 
rest against the hack of the exposing-slide frame. 2. The centers of the openings in 
all the diaphragms should be in the straight line joining the centers of the objective 
and reticule -plate. 3. From the reticule -plate nothing but black surfaces should 
be visible. The presence of white light risks fogging the photographic plates, and 
therefore this condition is imperative. To fulfill it, that one of the frames carrying the 
measuring-rod which is nearest the objective must have its upper part boarded over 
so as to shut out extraneous light from the tube. Both surfaces of this screen should 
3 INS 
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be coloied dead black, and a hole must be cut though it just large enough to permit, 
the free passage of lays fiom all paits of the objective 4 It 18 absolutely nocessaiy 
that both the tube and the measuring-iod be thoroughly pi otected from the sun’s rays 
As theie must be an air-space of fiom six to twelve inches aiound the tube, the root 
of. awning covering it should have a depth not less than three and one-quaitei feet 
Beyond the teimination of the tube, the coveimg foi the measunng-iod may be loimed 
of thee boaids, each eight inches wide, put togetliei so as to foim a kind of inveited 
tiough 

IS —THE PLATE-HOLDER PLUMB LINE 


Both the chef of paity and the chief photographei must give special attention 
to the plate-holder plumb-line The wire employed is of gilded brass, having a length 
of about three feet and a diameter of 00025 of an inch It must be without any 
bends or kinks, must pass perfectly freely though the axis of the plate-holdei , and 
must be loaded with one-fifth of its bieaking weight To secure steadiness, the weight 
must hang in a vessel of water within the pier, care being taken that the vessel 
has sufficient size and is so placed as to avoid any nsk of the weight lcsting against 
its bottom 01 sides The uppei extiennty of the plumb-line is wedged into a, hi ass 
piece which fits into a socket in the top of the plate-lioldoi, and is piovided with an 
aim foi lotatmg the wne though half a levolution, so as to eliminate the effect of any 
undetected kinks or bends Aside from this motion of rotation, the plumb-line should 
be distuibed as little as possible 

The chief of party must satisfy himself fiom tune to time that the plumb-line 
does not come into contact with anything 111 its passage though the opening in the 
axis of the plate-holder One way of testing this will be to let the bob swing though 
a minute arc, and see that the swinging motion of the suspending wiie across the face 
of the letieule plate, as viewed with a magnifying glass, is peifectly regular 


X— BATTERIES AND ELECTRICAL CONNECTIONS 

The batteries furnished to the paities are of the Daniell’s gravity foim To set 
up a cell, unfold the copper element, place it, togetliei with about two pounds of 
coarsely-powdeied copper sulphate, in the bottom of the glass jai , and lead the insu- 
lated copper terminal out over the top of the jar If the cell is desired fm immediate 
use, fill it to within one and a half inches of the top with water in which a little zmc 
sulphate has been dissolved, and suspend the zinc element in this solution by hooking 
it to the top of the jar If the cell is not lequiied immediately, it is better to fill it 
with pure water, and then to connect th <3 copper terminal with the zinc. In a few 
hours it will be m good working order When using these cells care must be taken 
that the zinc sulphate solution does not become too strong, that it coveis the zinc ele- 
men , and that there are always some copper sulphate crystals in the bottom of the jar 

through fZT ? Un ' e + nt . 1 than that from a sin S le Daniell’s cell should ever be passed 
1 ^ ? ,^ irC ? 1 tonometer; and as that will not usually suffice for working 

a sinffle°^nt ’ 6 ctro ^ ometer must J omed up m circuit with one cell of batteiy, 

g -p mt switch, and a lepeater of about six ohms resistance The break-circuit 
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points in the chronometer are very delicate, and to diminish the spark at them the lid 
of the chronometer box contains a condensei winch should be included m the ciicuit 
The chronograph must he joined up in a second cncuit, passing through the points of 
the lepeater, and including the observing key at the transit instiument, the automatic 
key of the exposing slide in the photographic house, and such a number of battery 
cells as may be necessary Thus the chronometer ciicuit ■will control the clnonogiaph 
circuit, and by opening the switch in the former, both circuits will be opened It will 
be well to airange the wnes in such a way that the automatic key m the photographic 
house can be cut out when not in use As a rule, only break-circuit signals will be 
used, but the observing keys furnished to the paities have a sciew at the back, by 
shifting which they can be converted into make-circuit keys if desired 

XT— THE MEASURING-ROD 

The most convenient way of supporting the measuring-rod will be to pass it 
through holes one and one-quarter inches in diameter m boards nailed across the tops 
of A-shaped flames placed not more than six feet apait Whatevei mode of support 
is adopted, special care must be taken to see that the lod lies peifectly straight, and 
that it is parallel to the optical axis of the photogiaplnc telescope 

The lod is of wi ought-iron gas-pipe, eight- tenths of an inch diametei, m sections 
five feet long, with Aiabic numbeis at the joints to show how they go togetliei The 
Roman numbeis 111 the middle of each section aie the number of the lod The ends 
of each section must lie carefully cleaned with an oily xag before they are united, 
and in screwing them together their shouldeis must, be made to meet snugly Maiks 
at each joint show approximately the point of stopping II these maiks fail to come 
togetliei, there lsdiit in the joint, hut if they pass each otliei slightly, it only indicates 
that the sciew is worn, winch is of no consequence, because the length of the rod 
depends upon the condition of the shouldeis and not upon that of the sciews To 
avoid stiaimng the lod in putting it, togetliei, the fiist, two sections should be united 
and passed on to the supporting flames neatest the objective, then the third section 
should he added, and the rod should he pushed nearei the photogiaplnc house, and 
so on till it is all togetliei, and in place The end inside the photogiaphic house 
should he at the same distance fiom the front suiface of the leticule plate that the 
end outside is fiom the hack surface of the objective After being mounted, the rod 
should not again be distmbed till the paity is about to leave the station Its outer 
extiemity should be slightly greased to pi event it fiom lusting, and must be protected 
fiom the weather hy the tin. covei furnished foi that purpose 

The measuring-rod is used m connection with the jaw-miciometei for determining 
the interval between the back surface of the objective and the fiont surface of the 
reticule plate To do this, thiee thermometei s must fiist be placed upon the rod to 
ascertain its temperature, one being at its center and one neat each end. Then a 
plumb-line, consisting of a brass wiie 00032 of an inch m diameter, must he hung 
over the outer end of the rod, the bob of the line hanging m a vessel of water, and 
being protected from wind by complete immersion 111 the fluid Caie must he takeu 
that the wire bends sharply over the end of the rod, and is in actual contact with its 
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fiont suiface When the plumb-line has come to lest, press the arms of the jaw- 
micrometer against the maigm of the object-glass, taking gieat caie to hold the 
micrometer hoi izon tally, and by the two rack motions bring the end of the centi.d 
arm gently into contact with the back suiface of the objective, and the jaws into such 
a position that the plumb-line is between them and in the line joining the centers of the 
pin-holes In adjusting the position of the pin-holes relatively to the plumb-lino, it 
will be advantageous to use a magnifiei of low powei When all the adjustments are 
conect, lead and record the vernier of the miciometer After making several such 
measuiements at the objective, pass to the plate-holder and make similai measuie- 
ments from the front suiface of the reticule plate Each measure should be repeated 
a numbei of times by different obseivers, and each sepaiate lesult should be lecoided 
with the name of the observer, the temperature of the rod, and any other necessaiy 
particular 

Should the rod be too long, file a veitical notch on each side near one end, loop 
the plumb-line, and let it hang in these notches 

The distance from the front surface of the reticule plate to the position of the 
collodion film must also be measured as accuiately as possible 


XII —INSTRUMENTAL ERRORS 

When the adjustments of the photohehograpli designated 1,4, 5, and 6, in sec- 
tion Y, have once been made, it is expected they will lemain sufficiently exact, unless 
pmposely disturbed If, by any chance, eithei 4 01 5 is found wiong, it. must be cor- 
rected. The enors of 1, 2, and 3 must be determined at least twice a week, but 
unless they become laige they need not be collected 

To find the erroi of the fiist adjustment, the distance from the back surface of 
the objective to the fiont surface of the leticule plate must be measuied with tin* 
greatest care at times when the temperatuie is not varying lapidly Duections for 
doing this aie given m the preceding section 

The enorof the second adjustment must be found as follows . Every evening 
before beginning woik with the tiansit instiument, place its eye-piece at the same side 
of the stand as the azimuthal adjusting sciews, and by means of the latter, Inin- the 
middle vertical wire of the transit into exact coincidence with the image of the middle 
vertical line of the leticule plate After this, the azimuthal adjustment must remain 
undisturbed during the night’s work Then make a set of time observations , that is 
observe two azimuth stars above the pole, two below the pole, and six or eight time 
stars, one half the obse, rations of each classing made with clam,, east and the 

. “ ‘ a . ' olan ‘ p At the elos ® o£ llie night’s work again bring the eye- 

piece to the same side of the stand with the atimuthal screws, and examine the posi- 

r<Lde date ifthT' 6 T' 7 ‘° th6 ima S e ° f the m,ddk of the 

hm rt,! ! „ If , i ? 13 ar ' 7 de ™tion, its amount must be estimated and recorded 

but the azimuth of the transit must not be disturbed 

Upon reducing the time obseivations the azimuth and collimation constants of 
he transit will become known Let them be a and c, and let the azimuth of «iTcen- 
e re mule plate, counted from the meridian toward the left, be A Then 

A = — (a+c) 



TRANSIT OP VENUS, DECEMBER 6, 1882 


21 


There will be two values of c, one for clamp east and the other for clamp west 
The one to be used is that conesponding to the position of the instiument when its 
middle wiie was set upon the centei of the reticule plate If A exceeds one second 
of time tor seveial nights, the plate-holder must be adjusted by moving it one-thn tieth 
of an inch for each second of enoi 

The method of determining the enor of the tlind adjustment has been aheady 
descubed 111 section V 

XIII— FITTINGS OF THE PHOTOGRAPHIC HOUSE 

The photographeis will examine the photographic house as soon as it is erected, 
and see that all white light is perfectly excluded A single ciack in the wall, 01 even 
an unprotected keyhole may cause ii reparable mischief Such openings aie leadily 
detected fiom the inside, and when found may be stopped up 01 coveied with yellow 
paper or othei suitable mateiial I11 full daylight the mange-glass window will ad- 
mit too much light, and must be coveied with oiange envelope papei 

The emulsion chest, diymg box, and plate boxes aie also to be examined, and 
any ciacks or othei openings closed up The diying box may be sciewed to battens 
fixed against the side of the house, 01, it 11101 e convenient, it maybe mounted on legs 
To facilitate cleaning, the top of the box lifts off, and the bottom may be leinoved by 
taking out a couple of sciews 

Close to the left-hand side of the piei canying the plate-holder a stand laige 
enough to support a cluonometer and the blank foim foi lecoiding the exposuie of 
plates will be lequned A shelf long enough to hold two plate-boxes, side by side, 
will be fixed to the wall of the daik 100111 close to the light-hand side ot the piei, and 
at a convenient height tor taking plates tiom, and letuinmg them to, the boxes’ 

A screen should be intei posed between the plate-holdei and the boxes 011 the shelf, 
so that if the slide weie moved while the boxes weie open (which ought nevei to hap- 
pen) no light could fall on the plates That pait ot the opposite wall which receives 
the sunlight passing thiough the plate-holdei should be blackened, 01 covered with 
daik-coloied cloth, so as not to reflect light about the room 

If external objects illuminated by dnect sunlight aie visible fiom any part of the 
plate-holdei in any position of the slide, foggy plates and bluired images may be ex- 
pected, and under cucumstances requiring long exposuies any light-coloied surface, 
exposed to radiation tiom the sky may pioduce similar effects 

A11 abundant supply of good watei is indispensable Foi developing diy plates 
almost any well, spnng, or nver watei may be used, even if it contains lather laige 
quantities ot some salts and is not entirely free fiom oigamc mattei If it should be 
necessary to piepaie silver baths, water must be distilled if it cannot be otherwise 
obtained of sufficient purity 

XIV —CARE OF THE SENSITIVE EMULSION 

The sensitive collodio-bromide emulsion is contained in bottles of oiange glass, 
only partially tilled to facilitate efficient shaking After standing undisturbed for a 
long time the silver bromide partly subsides to the bottom of the bottle, but it may be 
perfectly re-emulsified by agitation. By inverting the bottle and looking through its 
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bottom toward the daik-room window, a moie or less abundant deposit will bo soon, 
and the shaking 1 should be peisevered in until this is entirely bioken up and washed 
away When this has once been thoroughly effected the bromide will be easily kept 
in suspension by a little shaking at mteivals of a day or two Collodion vials con- 
taining emulsion should always be well shaken and then allowed to stand a few minutes 
befoie coating plates As issued it contains a certain amount of coaise sediment 
which must be removed by filtration 

The emulsion must not be exposed to white light, for although the bottles con- 
taining it are of coloied glass they cannot be absolutely relied on to piotect it, Ironi 
in W If* is tiue that some collodion emulsions may be submitted foi a shoit, time 
to the action of weak daylight without material detenoi ation, but in otliei cases only 
f°ggy images can be obtained aftei such ti eatment Additional caution is requisite 
with emulsion that has been transfened to collodion vials of coloiless glass Tim 
gieatest caie must also be taken not to contaminate the emulsion by flowing it, upon 
glass that is not perfectly clean, 01 by putting it into bottles that, have been" 5 exposed 
to light with tiaces of emulsion adhering to them 


XV —SELECTING AND MARKING GLASS. 

The photographic opeiations will be begun by examining the stock ol olnss and 
1 ejecting all plates that aie bioken or cracked, not sufficiently flat, with a rou«h or 
uneven surface, too laige to enter the giooves of the plate-boxes easily, oi haviim any 
coinei so shoit that it will not lest seeuiely on the pins in the plate-holdei of the 
photoheh ogiaph A sufficient quantity of the best glass, not less than 204 plates is 
next to^be selected toi the tiansit plates, and aftei choosing the best, surface for the 
tiont, or film side, each plate is to be maiked 111 one cornei of the back with a, mimbei 
beginning with unity and pioceedmg consecutively upwaid This is to hi' done 
neatly and legibly with a writing diamond, and to facilitate lefeience to the finished 
photographs when stoied in plate-boxes the numerals should be so placed as to be 
upright m the iight-hand uppei coiner of the plate 


XVI— cleaning and albumenizing glass 

Remove the shaip edges with a whetstone, and clean the o-kss from 
mpumy that nrny be adhenngto ,t Old ffl ms a ,e best got ndVby eoAm . 

t af r, w "f tu “ y ra;: 

0 Lea ,8 test ada » tod to *• 

impurities and gives off no vapot mjurions Srumente “ r “ P ' dly ““h" 68 01en, ' ic 


Solution for Gleaning Glass. 


Bichi ornate of potash 
Sulphuric acid - - 
Water - - - . _ 


4 ounces 
6 fluid ounces 
50 fluid ounces. 
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Put the bichromate of potash into a two-quart bottle and pour in the water. 
Then add (out of doors) the sulphuric acid, a little at a time, shaking the bottle well 
and allowing it to stand a few minutes after each addition. It will become very hot 
and give off a little corrosive vapor, which, however, soon disappears. If too much 
acid is added at once the bottle will probably be broken by the heat.* When the 
bichromate of potash is all dissolved, and the solution has cooled, it is ready for use. 
Pour it into a large rubber pan, and immerse, one at a time, as many plates as the 
solution will cover. If any bubbles are allowed to remain between the plates they will 
prevent the solution from acting on the surfaces in contact with them. The glass 
should remain in the chromic solution through ond night at least, and a still longer 
time may be desirable, but it ought not to exceed a week, or thereabout. 

Remove the plates from the cleaning solution and put them into a pan or bucket 
of clean water. The solution may be repeatedly used; it will not injure the skin 
beyond causing a slight stain and a rather disagreeable odor, but it is very destructive 
to clothing. Renew the water in. the bucket, and separate the plates from each other 
until the yellow fluid adhering to them is entirely washed away; then refill the bucket 
so ns to leave them entirely covered with clean water. 

The plates are now to be taken one at a time from the bucket and rubbed 
with the fingers, or with a clean cloth, on both sides and around all the edges while 
the water from the tap flows on them. After a final rinse they will be ready for albu- 
menizing. 

A lb u nten Solution 

White of egg - - - 1 fluid ounce. 

Water ----- 16 fluid ounces. £ 

Strong ammonia - - 15 minims. 

Put the white of egg into a clean bottle of convenient size together with a few 
pieces of broken glass, shake it vigorously until the albumen is thoroughly “beaten,” 
and allow it to stand undisturbed for several hours. Then add the water and ammonia, 
and shake just enough to mix the contents of the bottle, after which it should again 
stand for some time before being filtered for use. If tolerably fresh eggs cannot be 
obtained, 100 grains of dried albumen may be taken as the equivalent of 1 fluid ounce 
of white of egg, but the latter is much to be preferred. 

Filter the albumen solution into an 8 -ounce graduate until it is two- thirds filled, 
keeping the neck of the funnel under the surface of the filtered albumen to avoid 
bubbles. The few bubbles that unavoidably form maybe removed with a wisp of 
clean paper. 

When a plate has been washed and rinsed as already described, observe by the 
mark on the back which is the front side, and flow it with the albumen solution. 
After draining the plate for a few seconds, flow it a second time precisely as before 
and set it on a rack to dry, always keeping the same corner downward, and never 
touching the front surface or the uppermost edges. The plates will be apparently dry 
in the course of an hour or two after albumenizing, but the albumen should be allowed 
to become thoroughly desiccated and hardened by keeping in a dry place, properly 
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piotected against dust, for several days if possible If coated with emulsion too soon 
after albumenizmg, the films will be moie liable to blister and use from the glass din- 
ing development, a misfoitune to be avoided by the exercise of every possible pi ©cau- 
tion The albumemzed plates aie finally to be examined, and any imperfect ones set 
aside to be cleaned again 

As the peimanent maiks on the plates will scarcely be visible in the daik 1 00111, 
wnte the numbei of each one with a blue pencil, or with ink, in laige and plain tigm os 
on a gummed label, and attach it to the back of the coixesponding plate m such posi- 
tion that when the lattei is put into a plate-box the permanent maik will be seen 111 
the uppei light-hand comei, and the numbei on the label in the upper left-hand cornei 
of the plate Re-examine them caiefully to insure that the two nuinbeis on each plate 
aie identical, and, if found so, stoie them in plate-boxes foi use as lequned 


XVII— COATING PLATES 

As the plates aie necessarily exposed foi a considerable time to whatever light 
may be in the daik room while they are being coated, it is necessaiy to proceed with 
caution But by operating neai the window while the emulsion vials, and the rack hold- 
ing the plates aheady coated, aie protected from diiect light by nitei posing screens, 
it is possible to woik with both ease and safety The outei dooi must, ot com sc, be 
locked In \eiy waim weather it is moie comfoi table to coat plates at night, with the 
dooi and window ojien if tlieie aie no gas lamps 01 other dangeious lights outside 
It will be safe to use naked candles if they aie so screened that 110 ducct light, from 
them 01 fiom any neaily white object stiongly illuminated by them can fall on the 
plates 01 the emulsion Light fiom gas or coal-oil lamps is more actinic than that of 
candles, and must be used with caution if at all Orange-glass lanterns ought to be 

quite safe if candles aie used m them, but it must not be taken foi granted that they 
aie so 7 

Set one of the racks from the diying box wheie no dneet light fiom the window 
can fall on it, and have at hand a wide camel’s-han brush, and a bottle containing a 
mixtuie of two volumes of ether and one volume of alcohol for thinning the emul- 
sion Begin by thoroughly shaking the bottle of emulsion it is proposed to use ; them 
insert a tuft of filtering cotton in the throat of a perfectly clean emulsion filter and 
moisten it with a little of the thinning mixture Set the filter in a twelve-ounce col- 
lodion vial, pour m emulsion fiom the bottle until it is nearly full, put on the cover, 
wn/tl an 01ange 1 -glass over the* filter and vial to diminish evapoiation and pie- 
XL ’ 6 Td ° Sh \ " ‘ be ‘ Uft ° f e0lto " 18 to ° Uosely packed, 

Sid! f ^ 7 T T ’ lf Mt prope ^ ins9rted “ wi » 1 >«“‘ the passagj 
of email pa tides „f sediment, &o The emulsion should pass through in a rapid ano- 

I htdo t ° n !, Pei ' 86C ° nd 11 may mn ” “ tb “ 8tream “‘ tot, as 

Mss beii — d 

Take a plate from the plate-box, and, holdmg it near the window, see if the 
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albumenized surface is free from fibers and particles of dust. Such substances may be 
carefully removed with the brush, but actual brushing will leave marks on the albumen. 
Holding the plate by the corner that was marked with the writing-diamond, coat it 
with emulsion, precisely as if it were collodion, and, as soon as the film is set, put the 
plate in the rack. As emulsion is, under ordinary circumstances, rather less fluid than 
collodion it is possible that operators who are accustomed to use thin collodion, and 
coat their plates very deliberately, may experience some difficulty in obtaining a 
uniform film. Pour on a rather liberal dose of emulsion and cover the plate quickly; 
then incline the plate but little, so as to pour off very slowly, and impart to it whatever 
motion may be necessary to prevent the formation of lines. The precautions usual 
with careful operators to prevent particles of dried emulsion on the lip of the vial from 
falling upon the plate must, of course, be observed. It is sometimes recommended to 
pour from one vial and to drain the plate into another, so that emulsion once poured 
out may be filtered before it is used again; but this mode of operating is inconvenient, 
and will not be necessary unless the atmosphere of the dark room is charged with 
dust. The corner by which the plate was held while coating with emulsion is, of 
course, left uncovered; by looking toward the window through this clear space the 
permanently marked number of the plate may be read in the dark room, though with 
some difficulty. When the emulsion becomes too thick to flow well (or sooner if 
particles of foreign matter are seen in it) add as much of the mixture of ether and 
alcohol as may be required to bring it to the proper consistency, pour the whole into 
the emulsion bottle, and shake it until well mixed. Then transfer the filter to the 
empty vial, and begin using the full one. The filter must not be allowed to become 
empty. If the vial containing it is getting too nearly full it may be set in the emul- 
sion bottle. Do not dilute the emulsion unnecessarily by using the thinning mixture 
too freely. 

When the rack is full of plates remove it to the highest unoccupied position 
in the drying-box, and avoid all further risk of accident to them by closing and bolt- 
ing the doors. The box will contain 120 plates, but it is better to make a smaller 
number at one operation, filling only every second or third groove of each rack. 
When a sufficient number of plates are prepared return the bottle and vials to the 
emulsion chest, and wash the filter perfectly clean before the adhering emulsion 
becomes dry and hard. 

Plates freely exposed to the air of the dark room would be dry in an hour or 
thereabout ; in the drying-box a longer time will be required,, and several hours at 
least should be allowed. At night the top and bottom of the box may be taken off 
When quite dry the plates are to be put in plate-boxes that are clean and free from 
dust, in the order of their numbers, with the films toward the back or hinge side of 
the boxes, the numbered corners uppermost, and the lowest numbers in front. Wrap 
each box in thick paper, secure it with stout twine, and mark plaiuly on the package 
the numbers of the plates it contains. 

With each batch of plates prepared for observing the transit at least two test- 
plates are to be made, one near the beginning and one near the end of the operation, 
using for that purpose some of the glass not selected for the transit work. The test- 
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plates aie to be dned with the otheis and afteiward exposed and developed If they 
prove to be good the rest of the lot is likely to be equally so 

XVIII— EXPOSURE OF PLATES IN THE PHOTOHELIOGRAPH 

The sun’s image, as seen on the reticule-plate of the photoheliogi aph, geneially has 
an inegulai vibrating motion in different duections, aiisiag fiom vai ious causes As the 
exposure of diffeient paits of the plate lying m the diiection of motion of the exposing 
slide is not simultaneous but successive, any movement of the image as a whole will pro- 
duce a distoition in the resulting photogiapli symmetrical with lespect to its veitical 
diametei, and inversely propoitional to the velocity of the slide Moieover, the limb 
itself is in a state of constant and lapid local agitation, which in some conditions of the 
atmosphere is so exaggerated as to produce the boiling 01 flaming appeal ance familial 
to all obseiveis It lesults fiom this that, quite apait fiom any distinctively photo- 
graphic effect, the longei the exposuie the laigei the photograph will be, and that if 
the motion of the slide is not uniform the limb on the side wlieie the velocity was 
least will be extended moie than the otliei So bnef is the time of exposure that these 
effects aie indeed minute, but it cannot be assumed that they aie in all cases iriappie- 
ciable It follows, theiefoie, that a given exposuie is moie advantageously made with 
a wide opening of the blit and a lapid motion of the slide than with a nanow opening 
and a slow motion, and that the velocity should be in all cases as neaily umfoim as 
possible 

It is expected that the chief astionomei will himself expose the plateb on the day 
of the tiansit, 01, at least, that lie will supeixise the manipulation of any peison to 
whom this duty is delegated, and see that such assistant has the lequisite mstiuction 
and previous practice The movement of the slide should be as lapid as can be given 
with ease and uniformity, letainmg control of it tlnoughout, and avoiding any approach 
to violence Toward the end of its couise the motion should be slackened so as not 
to endanger the stops, but it should continue until the slide rests against them As the 
regulation of exposuie depends entirely on the uniformity of this movement, it should 
be practiced until a fixed habit is acquired It is of course important that there should 
be no great difference in velocity, whethei the motion is fiom east to west or fiom 
west to east To increase the exposuie, widen the slit by separating the sliding plates, 
to diminish it, bring them nearer to each other, always setting them so that the center 
of the slit shall be m line with the middle pair of screws The milled nuts must be 
screwed up so as to clamp the plates secuiely without using too much foice 

In exposure considerable latitude is allowable, indeed the appearance of the sun’s 
image is so similar with very different exposuies that the real impoitance of this 
element is liable to be underrated The planet requires less exposure than the sun’s 
limb, but good definition of the latter is the principal end to be attained If With 
chemicals in good order and proper development the image comes out reluctantly and 
remains very thin, or if there is any material falling off in density near the sun’s limb, 
the exposure is too short To find the correct exposure, begin with one known to be 
sufficient, and gradually lessen it until signs of under-exposure just begin to appear 
If the image is distorted, or looks as if the plate-frame were out of focus, the defect is 


TRANSIT OR VENUS, DECEMBER 6 , 1S82. 


27 


most probably due to flexure of the mirror. The slightest tension arising from 
improper mounting, either of lens or mirror, will make itself apparent in this way. 

XIX.— THE DEVELOPMENT. 

The water used for washing the plates before development, and the developer itself, 
should have a temperature of at least 60 ° Fahr.; 90 ° to 100 ° is still better. If the 
weather at any of the northern stations should be cold, it will be well to have a small 
supply of warm water at hand for these purposes. 

The following solutions will be required : 

Alcohol and tannin. 

Tannin ------ 20 grains. 

Strong alcohol - - - 1 fluid ounce. 

Water ------ 1 fluid ounce. 

Pyrogallic solution. 

Pyrogallic acid - - - 3 grains. 

Water ------ 1 fluid ounce. 

This solution is decomposed by keeping, and only so much must be made at one 
time as can be used immediately. 

Dilute ammonia. 

Strong ammonia - - 30 minims. 

Wafer ------ 1 fluid ounce. 

Bromide solution. 

Bromide of potassium - 20 grains. 

Water ------ 1 fluid ounce. 

To these may be added : 

Alkaline citrate solution. 


Citrate of ammonia - - 30 grains. 

Strong ammonia - - - 30 minims. 

Water ------- 1 fluid ounce. 


The dilute ammonia, bromide, and alkaline citrate are to be transferred for use 
to dropping*bottles, so conspicuously labeled that they can be easily distinguished 
from each other in the dark-room. It must be borne in mind that a drop from one of 
the tubes is much smaller than one from the lip of a bottle. 

Having put one fluid ounce of pyrogallic solution into one of the small, wide-mouthed 
bottles issued as developing glasses, begin by treating the film with alcohol and tannin. 
One principal object of this application is to harden the substratum of albumen. The 
solution should therefore be flowed back and forth over the plate for at least a minute, 
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and be returned to the bottle when the film is thoroughly saturated The manipulator 
is next to be wetted and applied to the back of the plate unless the operator, fearless 
of stained fingeis, prefers to dispense with it Wash the plate undei the tap, or with 
waim watei if necessaiy, until the watei flows smoothly over the film Then add two 
diopsof biomide solution and two diops of dilute ammonia to the pyiogalhc solution in 
the developing glass and apply it to the plate, keeping it in gentle motion ovei the film to 
piomote equal development The image should appeal quickly and giadually increase 
m stiength Subsequent additions of dilute ammonia are to be made, a couple of 
drops at a time, as the appearance of the plate may indicate, accompanying every 
alternate addition with an equal quantity of bromide 

If it is piefened to use the alkaline citiate, the developei is to be prepared at 
fust as given above, and the subsequent additions will be of the alkaline citiate solu- 
tion only This treatment has given excellent results in some cases and is provision- 
ally recommended 

The foimula given above is offered as a staiting point for such modifications as 
circumstances may require, and not as an absolute standaid of universal application 
The chaiactei of the image sought, the age and quality of the emulsion, etc , are 
vaiying conditions which rendei nnpiacti cable the adoption of any ngid mles The end 
in view is, b} T means of a developei stiong in pyiogalhc acid and weak in amnmm.i to 
bung out an image of equal density thioughout, while the rest of the plate is kept clean 
by a sufficient quantity of biomide, or of biomide and citiate of ammonia A gi eater 
strength of pyiogalhc acid than that piescnbed can haidly be lequired, but this solution 
may sometimes be advantageously diluted If the image come out slowly it must be 
allowed to take its time, and not be foiced with too much ammonia it, is scarcely 
possible to pioduce dense fog, but a veiled image is usually the lesult of an excess of 
ammonia Opeiators accustomed to the development of gelatine plates must be espe- 
cially cautious in this respect 

The finished photogiaphs must belong to one of two classes It is not possible 
m the case of the sun to obtain an outline as shaip and distinct as m photogiaplus of 
the moon or of tenestnal objects But the neaiest possible appioach to such a defi- 
nite line is precisely what will most facilitate measuiement of the plates, and this must 
be sought as being of much greater impoitan.ce than the attainment of any special 
standard of density. An image that is dull and bluned, when held ovei a black sur- 
face and seen as a positive by leflected light, and that is thm and hazy when viewed 
as a negative by transmitted light, will be almost worthless, while one bright and clear 
as seen m eithei one of the two ways will be valuable It, therefoie, the opeiator 
finds it easy to produce a shaip and cleai image of the ambrotype variety he may do 
so, taking caie, of couise, not to discontinue the development until quite ceitam that 
it is equal all around But if there is fiom any cause a tendency to discoloration of 
the film, giving a dull appearance by reflected light, a gieatei degree of density will 
be requisite A slight veiling, even, is not veiy injurious if the image is clear and 
strong by transmitted light No effort should be wasted m striving to attain an un- 
necessary egree of density, for, although it can haidly be too gieat, a very moder- 
ate density will suffice. 
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XX —FIXING AND VARNISHING 

As soon as development is complete wash off all ti aces of the developer and 
with a weak solution of hyposulphite of soda Cyanide of potassium must not 
used 

Fixing solution 

Hyposulphite of soda, - - - - I oz to 1 oz 

Watei, - - - 16 fluid ounces 

As the silvei luomide dissolves rapidly, it is most convenient and safest to poui 
little of the fixing solution on the plate, flow it about until the film is cleai, and final 
dismiss it into the sink Then wash the plate thoioughty and set it in a lack to di 
After the lapse of sufficient time, several hours at least, varnish m the usual mann 

XXI —BLISTERING AND LIFTING OF THE FILM 

If the film sepai ates fiom the glass, 01 it small bhsteis foim neai the sun’s lire 
the planet, or the plumb-line, the plate is worthless, and no piecaution must be ne 
lected that can tend to prevent so great a mist 01 tune A substiatum of albumen tl 
is too thick, such as would be obtained by using a solution mateiially stiongei tli 
that of the foimula given abo\e, maybe impel fee lh coagulated bj the alcohol a 
tannin, and thus aggiavate the evil it is designed to pi event It the duections aheai 
given toi drying the albumen used plates thoroughly, and for satui ating the film wi 
the solution ot alcohol and tannin, aie followed, it is piobable that no tiouble will 
experienced, but should a tendency to this defect manifest itself dining the pielmima 
pi notice, special caution will be necessary m conducting the development ot the tran 
plates Too much ammonia will act on the substiatum and must be avoided T 
development must be stopped as soon as the least allowable density is leached, a- 
the plate must be fixed by pouring on the hyposulphite solution, and not in a pan 

XXII— SPOTS AND OTHER DEFECTS 

Small ciiculai transparent spots may appear on the sun’s disk, which, if numero 
and ot a coitain size, might resemble the image of Venus and cause time to be lost 
measiuing the plates The emulsion furnished is lemarkably fiee fiom any tenden 
to produce these spots If they appear it will be fiom one ot two causes 1 Paitid 
of foieign matter 111 the emulsion, 2 Pai tides of dust that have settled on the pit 
aftei coating, especially if charged with chemical substances, such as might arise fit 
solution of bichromate of potash spilled on the flooi of the daik-room The fom 
cause may be lemoved by pioperly filtering the emulsion, the latter must be avoid 
by cleanliness and gi eater geneial care 

Certain othei defects, such as pm-holes, ciapy lines, &c , do not mateiially detrt 
from the value of the plate, but every opeiator who caies for Ins leputation will new 
theless seek to avoid them 

XXIII— PREPARATORY PRACTICE 

To familiarize themselves with all the details of then woik and with the materi 
they are to use, the photographers will begin to prepare, expose, and develop plat 
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in accordance with the foiegoing instructions, as soon as possible after arriving at their 
station, and will continue such exeicise until the chief of the paity is satisfied that 
they can pioduce solar photogiaphs of satisfactory quality with ease and ceitainty 
They will avoid any unnecessary expenditure of materials, and will take care that a, 
sufficient supply of eveiy thing is leseived foi the opeiations of the transit day If 
the bottles of emulsion aie labeled with different letteis it signifies that pyroxy lines of 
slightly diffeient chaiactei have been used Test the contents of each bottle, and if 
notable diffeiences of quality are found to exist among them, reseive the best foi the 
transit plates, or mix the vai ious kinds judiciously, as may appear to be preferable 
It has been alieady lemaiked that the person who is to expose plates during the 
tiansit must acquue a fixed habit of manipulating the exposing slide, and that unless 
an appioximately umfoim motion can be thus obtained theie will be no means of 
legulating the exposuie Having seemed a tolerably unifonn action of the slide by 
whatevei piactice may be requisite, pioceed by tnal accoiding to the instructions given 
for asceitaming the collect exposuie, to find the propei opening of the slit when the 
sky is quite clear and the atmospheie m the most favoiable state This wall he the 
least opening that can be used at any time, and the one with which the observation of 
the tiansit will be commenced if the weather should be good 

If the sun is obsciued by clouds so as to be visible foi a few minutes only during 
the tiansit, it will be necessaiy to woik as lapidly as possible The manual of opera- 
tions piescnbed foi the obseivation of the tiansit will permit plates to be exposed at 
inteivals of only a few seconds if every one is peifeetly familiar with his duties In 
order that each may be piepared to peifoim his pait of the work piomptly, the whole 
paity must he dulled fiom time to time, going though with all the details of making 
the lecoid, &c , except that plain glass will be used instead of sensitive plates, and 
theie will, of coiuse, be no development 


XXIV — PREPARATION FOR THE TRANSIT 

When the photogiapheis have become sufficiently familiar with the process they 
are to use, they will begin to prepaie a stock of dry-plates to be used m observing 
the transit Eighteen plate-boxes, capable of holding twelve plates each, ai o supplied 
to each paity Seventeen of these aie to be filled with dry-plates, leaving one box 
empty The plates aie to be ananged m the boxes m the older of their niunbeis as 
already dnected, and the boxes must be so maiked that the plates can be exposed in 
consecutive older The remaining glass should be cleaned and albumenked, to be 
used with wet emulsion m case of emeigency, and a sufficient quantity of the develop- 
ing solutions for fifty or moie plates must be provided 

E very thing belonging to the photolfcliograph must be in coneet adjustment 
and in good wo, king ordei, especially the clock-work of the heliostat, winch must be 
so well .egulated that it can be left to itself fo, several minutes without allow, no the 
sun 8 image to get too far fiom the centei of the plate See that the minoi lens° and 
reticule-plate are perfectly clean, and lemove any dust that may adhere to the’lasto 
named by wiping „ with chamois leather If artificial light is Laired Z reViZl 

tLtZZZr makmg ‘ he rMOrd ’ “ “ ***** WiU be > « orange-glass lam 
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XXV.— PHOTOGRAPHING THE TRANSIT. 

Photographs are to be taken only while Venus is completely within the limb of the 
sun. When the chief astronomer decides that the planet has progressed sufficiently far 
upon the sun’s disk, the automatic break-circuit key of the exposing slide will be put in 
circuit with the chronograph, that instrument will be started, the members of the party 
will repair to their respective stations, and, after locking the outer door of the photo- 
graphic house, the exposure of plates will begin. The services of four persons will be re- 
quired; if the - party consists of but four, their duties will be as provided in what follows: 

The assistant astronomer will be stationed at the heliostat, where he will watch the 
image of the sun on the target of the exposing slide, and keep them nearly concentric 
by an occasional movement of the tangent screws. The image must never be allowed 
to get so far from the center as to partly uncover the black disc of the target. He 
will also note the condition of the sky, and give prompt warning to those in the pho- 
tographic house when the sun is obscured by clouds, and when it reappears. He will 
occasionally see that the chronograph is working properly, and give notice when it 
must be stopped to renew the paper. And finally, he will read the barometer and 
thermometer as directed in another part of these instructions. 

The chief astronomer will make the exposures and keep the record in the following 
form : 



At ; Chronometer 


Plate ex- 

Time of exposure by — 

: Plumb-line 

Slide 

Temp. 

posed. 

Chronometer. 

Chronograph. 

pointer. 

moved. 

Fain-. | 

No. 

h . m. s. 

h. m . s. 





When the number of a plate is called he will enter it in the first column, and, 
taking the time from the chronometer, he will make the exposure at some beat of the 
latter, and, after giving the chronograph signal, or “rattle,” with the break-circuit key, 
he will enter the chronometer time of exposure in the second column. The time re- 
corded by the chronograph will be read off, and filled in, subsequently. 

In the column headed “plumb-line pointer” he will write E. or W., as the case 
fnay be. The pointer should be frequently reversed, but if the change is made after 
the exposure of every plate, the plumb-lin% will probably never be quite at rest. A 
much better way is to expose the plates in groups of six, the plates of a group follow- 
ing each other in rapid succession. Then reverse the pointer and give the plumb-line 
time to come to rest before exposing the next group of plates. 

In the column headed “Slide moved” write E. or W., according to the direction 
of that motion. The movement should be alternately eastward and westward, and 
the slide must always be left resting against the stops that limit its course. 
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Record the temperature of the photographic house iu its proper column at intervals 
ot half an hour, or more frequently if the change is rapid 

In the column for remarks any peculrarrty of the plates, of the exposure given, 
shonld^noted” 0 C ° ndltl ° nS ’ aud au ^' otIlei circumstance likely to affect the result, 

When the chief astronomer desires a pause in the work to follow the exposure of 
any plate he wrll rrot.fy the photographer who changes the plates of his Intention 
before giving the exposure, so as to avoid unnecessary harrdhng of the plates 

When a plate has been developed he will examine it, and, with the advice of the 
pro ogiaphers, decide whether any change m the opening of the slit is'desnable 

after tZn 7 * I'" pUt the pIates mto the ?'«*■*«**, and remove them 

atte then exposure He will commence operations by placing the empty plate-box 

p°hL s e «h? b : r d , of th r sheif a,eeted foi ibat ^ ■»* *• »» ~X 

IX: X V wf T " tlle seiles ’ beginning with No ,, at the left- 
, ' he f When dnected to proceed he will open the left-hand box, take 

keep n" Zsle 1’ ^ ° f C ° UrSe ’ be No ca "T * to the plate-frame, 

> T ed §‘ e of the plate uppermost, and carefully avoiding any contact 
with he plumb-line After seeming the plate with the curved spring he willdose tl e 

b e m t:vz tv v num ' e ; * r ^ n^, w “ 

be m the upper left-hand corner of the plate-frame He will then watch the back of the 
p t te closely to see that the sun’s image is not too neai the edge of the plate If the 

“X ,m l 8 th “" T “ mC " IlC W1 " 50 **“* * 

1 * . / ceppea! a for au instant on the plate lie will open the no-lit-hand 

box, take the plate from the plate-frame, cany it to the farthest gXv 7* box and 
lieu close the hex W.thout waiting for o.ders he w,ll then o^en the leftlrnd box 
a ie out the nemest plate as liefo.e, and so on, always keeping the back of the plate 
owa'd himself, and the numbeis uppermost, and always leplacing the plate in the 
faithest unoccupied groove of the nght-hand box P 

When the nght-hand box ,s full the othet will be empty, the full box must then 
have a gummed label pasted over the hook ,n front, so that ft cannot be easily onened 
and must be put in some place specially designated for the reception of exposed plates’ 

i! x hand end ° f the sMf »>- blx „f 

senes to the left of it as before, and so proceed until all the plates are exposed 

up in clTeuXri Sl ' 0UM b6 alraDg6d W ° lehand B ° th “* ** "D b e taken 

_ The other photographer will develop plates daring the whole time of the transit 
begmnrng „fth the one first exposed As each plate ts fixed and washed he will e“X 

astiZrt rr i fte t ef 

seen, a consrderable number of photographs should be secured at once, reserving 

7 o 
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some plates to be used if the weather should prove better than was anticipated If 
the sun is visible at mteivals between passing clouds, everyone must be at his station 
to take instant advantage of every oppoitumty that may offer 

The sun may be paitially obscuied by thin clouds or by a hazy atmosphere, so 
as to lequue very long exposures After the slit lias been opened as widely as pos- 
sible the exposiue can be still fuither increased by a slower movement of the slide, but 
good lesults can hardly be expected undei such circumstances 

XXVI— DEVELOPMENT AND PACKING OF TRANSIT PLATES 

As soon after the transit as possible the photogiapheis will begin to develop the 
transit plates, and will continue that work without unnecessaiy mteimission until it is 
completed Aftei diying and varnishing the plates they will be put m the plate-boxes, 
and kept from shaking about by small lolls of Joseph paper, long enough to leach 
crosswise over the tops of the plates, and just large enough to hold all the plates 
fiimly, without too much foice, when piessed down by the lid of the box Two such 
rolls will be put in each box The boxes are then to be coveied with strong paper 
and tied with stout twine 

In separating the plates into two or more lots, to be forwarded at diffeient times 
to Washington, the plates of each lot should be selected so as to include all periods of 
the tiansit If tlieie ate only two lots, one should contain all the even-numbered 
plates, and the other all the odd-numbered ones 

XXVII —WET EMULSION PLATES. 

Wet plates may be piepared with emulsion if any accident should cause the loss 
of a gieat pait 01 all of the dry plates when it is too late to leplace them A glass 
plate cleaned, albumen lzed, and coated with emulsion, as alieady directed, is to be 
immeised in clean water contained m a pan 01 dipping -bath as soon as the film is set 
When the water flows smoothly over the film, as the plate is lifted, the exposuie may 
be made, but the plate may lemain in the watei for any reasonable length of time 
without detnment Such plates are developed precisely like dry ones, omitting the 
pitdimmaiy treatment with alcohol and tannin They develop more rapidly than dry- 
plates made fiom the same emulsion 

XXVIII— BATH WET PLATES 

Collodion shrinks gieatly in dicing, but when once dry it swells but little if 
wetted either with alcohol 01 water A film that has been dned before it is exposed 
is to be preferred, theiefoie, to one that is exposed while wet, for photogi aplis that 
are to be accuiately measured And dry-jdates can be exposed so rapidly m the 
photoheliogiaph that if the sun should be visible foi a shoit time only during the 
tiansit, a most impoitant advantage would be gained by employing them For these 
and other reasons, it is expected that they will be used But if from accidental loss 
of materials, from lack of expenence, or from any other cause, the photographers are 
unable to prepaie and develop emulsion diy-plates successfully, they will have recourse 
to the usual bath piocess It must be definitely decided m advance which piocess 
will be used, and preparations must be made foi that one only. 

5 INS 
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If a lesoit to the bath wet process is deemed advisable, the services of at least 
one additional photogiaphei must be secured if possible With three 01 four photog- 
lapheis it will piobably be best to have the chief photographer collodionize all the 
plates and immeise them in the baths, keeping his hands clean The other photogra- 
pheis will withdraw the plates from the baths and diam them, put them in the plate- 
frame, and call then numbers Aftei exposure they will remove the plates from the 
plate-fiame, develop, fix, and wash them, and, finally, put them in the drying racks 
Each photogiaphei will go thiough the whole couise of those manipulations with 
eveij plate he takes fiom the bath, and the diffeient opeiators will follow each other 
as rapidly as the limited accommodations of the photographic house will permit 

The best collodion is one that gives a rather hard and patchy negative, for soft- 
ness, and coirect rendeiing of light and shade, are rather to be avoided than otherwise 
The following foimula is recommended 

Biomo iodized collodion 


Alcohol ------ 10 fluid ounces 

Ethei ------ 10 fluid ounces 

Iodide ammonium - - 40 giams 

Iodide cadmium - - - 60 grains 

Bi omide ammonium - - 20 giains 

At least thiee silver baths will be lequired They should contain 40 grains of 
mtiate of silvei to the ounce of water, and enough nitric acid to redden blue litmus 
papei slowly On amoving the plates from the bath diain them as thoiouglily as is 
consistent with lapid woik, and wipe then backs Develop with 


Developer 

Piotosulphate of iron - - 
Acetic acid No 8 - - . 

Water ------- 


1 ounce 
1| fluid ounces 
20 fluid ounces 


t , Tl ”y P r "l 101 ““ s be vaued ' however, if it is found advisable to change 
mAer Cya “ de ° f potassmm of such x to clear the film 

ssttssz ■» — •> v 


XXIX.— GENERAL PRECAUTIONS 

Photographers who are accustomed to the use of dry-plates will be careful from 
habits aheady fotmed, but those who have practiced only the 111 wet preet n us 
be ng •cannon, indeed to avoid the loss of plates by Jidental expire to gb” 

cio J 1 r,r a b ;:s: d ° T t i ptti t or to ^ 

with open doors to avo, 72 - mu8t ™ver ho allowed to stand 

open doors to avoid the inconvenience of opening and closing them frequently. 
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Emulsion bottles and vials must be replaced in the emulsion-chest immediately 
after using- them, even if they will soon be wanted again. The lid of the chest 
should be secured by a strap or otherwise, so that it cannot be left open. The chest 
must be kept locked, with the key in some specially designated place and not in the 
key-hole. 

When filtering emulsion, and while making or exposing plates, the outside door 
of the house must invariably be locked. 

And, finally, the various manipulations that have been described in these instruc- 
tions must be conducted with constant and scrupulous regard to cleanliness. It is only 
by conscientious attention to details like the foregoing, which are by no means trivial, 
that successful results can be confidently anticipated. 

XXX.— THE CHRONOGRAPH. 

The speed of the chronograph is governed by a vibrating spring whose normal 
rate of motion is one hundred and thirty-two vibrations per second. In regulating it, 
the time of revolution of the cylinder must be made correct within about two per 
centum by moving the sliding weight near the root of the spring, and then the final 
adjustment can be effected while the instrument is running by slightly loosening or 
tightening the capstan-headed screw confining the cheeks between which the spring is 
held. 

The speed of the train is so great that to avoid detrimental friction all the pivots 
must be frequently oiled, but especially the escape-wheel pivot, and those near it. 
Weights of one hundred, fifty, twenty-five, and twenty-five pounds are furnished with 
the instrument, but. in ordinary summer weather one hundred pounds drives it well. 
In winter, a little more may be needed. The weight should have space to fall three 
feet. This suffices to run the instrument two hours, and if it is wound when a fresh 
sheet of paper is put on the cylinder, it will not require winding again till the paper 
is changed. 

XXXI.— TIME OBSERVATIONS AND CHRONOMETER COMPARISONS. 

Should the station not be in telegraphic communication with a fixed observatory 
from which local time is received, two azimuth stars above the pole, two below the pole, 
and six or eight time stars should be observed with the transit instrument on every 
night when it is practicable. One-half the observations of each class should be made 
with clamp east, the other half with clamp west. Should the observer be able to get 
his local time from a fixed observatory, his own determinations may be omitted when 
not necessary to the success of the expedition. They must, however, be carefully 
attended to, so far as may be required, either for the determination of his own longi- 
tude, or for comparing his local time with that of other parties in the neighborhood. 
In any case, enough observations must be made to determine the azimuth of the photo- 
heliograph and detect any changes that may occur in it. 

All chronometers at the station must be compared daily, when they are wound, 
unless the local time and longitude are so well determined that no interest attaches 
to their running. It will sometimes be necessary to carry one of them about, 
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but the others should never be moved when it can be avoided Every care should be 
taken to keep them at as uniform a temperature as possible, and the degree of heat to 
which they are exposed should be noted and recorded three or four times a day 

XXXII —EXCHANGE OF TIME WITH OTHER P AR TIES 


Should any opportunity offei for the comparison of local time or chronometers 
with parties from other countries, it must be improved In such case, the observer 
must be careful to keep a complete copy of the compaiison, and to assure himself that 
he has all the data necessary for determining the difference of longitude between the 
stations compaied 

* 

XXXIII —LATITUDE AND LONGITUDE OF STATION 


The latitude of the station must be determined with the meridian instrument, 
used as a zenith telescope, and not less than thirty-six obseivations should be made 
upon at least twelve pairs of carefully-selected stai s 

Special attention must, be paid to getting the true longitude of the station, but 
the.best method of doing this will depend upon circumstances If the station is m a 
region covered by an accuiate trigonometrical survey, or if it is in telegraphic com- 
munication with a fixed observatoiy, the determination of its longitude will be com- 
paratively easy In any case, the observei must be on Ins guard against depending 
upon a single result If accurately known trigonometrical points are available, the 
position of the station must. not be determined from a single one of them, but from at 
least three, whenever possible If telegraphic signals aie exchanged with a fixed 
observatory, the exchange should be continued through not less than three evenings 
At places wheie neither the trigonometncal nor the telegraphic method is available 
recourse must be had to occultations and moon culminations In observing the latter’ 
care should be taken that the number of observations before and after full moon are 
nearly equal, and that m each class about as many observations are made by the 

assistant astronomer as by the chief of paity Instructions respecting occultations 
are given m section XXXV . 


XXXIV —THE EQUATORIAL TELESCOPE 

At. stations wheie it is necessary to observe occultations, the mounting of the 
equatorial must be commenced as soon as possible, taking precedence of that of the 
photogiaphic piers The site selected must be such that the instrument commands a 

goo view of the eastern and western sky, to within five degrees of the horizon if 
practicable 

Caution —The shade glasses supplied with the double-image miciometer are so 
constructed that they can be employed tolerably safely upon a blight sun with the 

Yji Pe w r6 ° f * he t ! leSCOpe ’ but aS a matter of Wecmtion, they should be warmed 
a little betore iisinfi* them, and the telpaennA alirmL-i TIAIT/M "U 1 aA. — 1.* J _ J i 1 
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once, to the great danger of the observer’s eye. For that reason they must never be 
used apart from the Herschel solar prism. 

XXXV.— OCC ULTATIONS. 

At stations whose longitude is not otherwise determined, all visible oceultations 
of stars by the moon which occur during the stay of the party, must be carefully 
observed. To facilitate this work, the instants of the emersions which happen after 
the full moon may be computed in advance. 

From the time the new moon first becomes visible until her full, she is to be care- 
fully watched with the telescope to see what stars will be occulted. These can be 
recognized from thirty to sixty minutes beforehand by remembering that the course of 
the moon is nearly at right angles with the line joining her cusps, and that she moves 
nearly her own diameter in an hour. Whenever there is a chance of seeing an occul- 
tation, a map of the relative positions of the moon and the stars in its neighborhood 
must be made; and if the occultation is actually observed, the exact point of the 
moon’s limb at which the star disappeared must be noted on the sketch. Nothing 
must be recorded as an immersion or emersion except the actual sudden and distinct dis- 
appearance or re-appearance of the star at the moon’s limb. If the star is lost in the 
moon’s rays at that moment, the fact should be stated. Every observation must also 
specify the maker’s name and number of the time-piece employed, and whether the 
occultation was well observed, and if not, what amount of uncertainty attaches to it. 

Great care must be taken to guard against errors of io 8 in the record, and, to 
this end, it will be well to have an assistant call aloud every tenth second, “o,” “10,” 

“ 20,” etc. 

The chronograph may be used in observing oceultations, but in that case a frac- 
tion of a second will be required for the observer to become conscious of the phe- 
nomenon, and to give the signal, and this interval must always be estimated by the 
observer, and recorded in the memorandum-book. But, the chronograph should never 
be trusted to exclusively, and, when used, either the observer himself or his assistant 
should note the chronometer time of the occultation, or of the signal with the key. 

XXXVI.— GENERAL INSTRUCTIONS RESPECTING OBSERVATIONS OF CONTACTS. 

The first question which the intending observer of contacts has to consider is 
whether the appliances at his disposal and the circumstances in which he is placed 
will permit of his making observations of astronomical value. If they do, especial 
pains and minute attention must be devoted to all the necessary preparations. The 
following is an outline of the general plan of operations: 

Determination of time . — The most essential requirement is that the observer shall 
have the means of determining his local time within at least one or two seconds At 
fixed observatories there need be no difficulty in this respect. For the benefit of 
observers at other points it is intended to make arrangements with the Western Union 
Telegraph Company to transmit time-signals from the Naval Observatory to every 
part of the country. Individual observers who receive their time in this way should 
communicate with the authorities at the nearest telegraph station, and, in the event of 
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any doubt, addiess the Superintendent of the Naval Observatory, "Washington, on the 
subject Detailed information and instructions for receiving and understanding the 
time-signals will be sent to all who desire it in advance of the tiansit 

Size and quality of telescope — The apeiture of telescope to be preferred m the 
obsewations is from 5 to 6 inches In order that all observations may be as nearly as 
possible comparable with those made in the Southern hemisphere, it is 1 ©commended 
that observeis with telescopes exceeding 6 inches in apertme 1 educe the apeitmo to 6 
inches in obseiving all the contacts Apertuies as small as 4 inches may bo used 
without senously detiacting from the accuracy of the observation Below 4 inches 
the value lapidly diminishes, and 3 inches may be regaided as the smallest with 
which obseivations of leal value can be made It is impoitant that the objective 
should be of good quality, forming round, neat images of stars, with a powei as high 
as 200 To test the objective, alternately push the eye-piece in and diaw it out so 
that the star shall piesent the appeaiance of a disk of light If the objective is good, 
tins disk will be lound and of unifoim bulliancy , if the disk is megulai in outline, 
with permanent blight 01 daik legions in it, it shows the telescope not to bo good 
Magnifying power The eye-piece should have a magnifying power not less than 
150 nor much more than 200 Between these limits the choice may be regaided as 
indiffeient ' ^ 


Mounting —An equatoiial mounting is nearly indispensable to an accurate obsei va- 
ti°n Observers practiced m the use of an altazimuth mounting may possibly make ai 1 
observation with one of that class, but they must be able to keep an object in the 
center of the field A clock-motion is desirable, though not indispensable If then e 
is no clock-motion the telescope must be firmly mounted, and the observer must, lie 

well practiced m moving the eye-piece steadily with his hand so as to keep an obioct 
m the center of the field ‘ 

Micrometer —A regular filar micrometer will not be of any use as an instrument of 
measuiement, but spider-lines of some sort are desirable for the double purpose of 
lnsm-ing an accurate adjustment of focus and of estimating the brilliancy of the sun’s 
disk If the telescope is not supplied with a micrometer the observer should have a 
positive eye-piece, m the focus of which he should insert a spider-hne 01, better yet if 
e is able to do it, a pan of spidei -lines at such a distance that the angle between 
them shall be 1" or 2" of arc In a 6-foot telescope the 1 equired distance will bo loU 
2000 of an inch The observer should find by previous trials on the sun and stars the 
exact point when the spider-lines aie in the focus of the objective so as to insure their 

ziz “ the day of the ^ ™ s pomi may be ***** '■>’ * 

ss, c r rrr of gi ? t,ie p,ece ** £ 

and lighter . dor, end - ^ 
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expand freely, it will be possible to use with safety an aperture of five inches upon 
;l telescope of six feet focus. It is, however, recommended that, wherever possible, 
•^orne other means of diminishing the sun’s light be employed. Silvering the object- 
1 vo might be recommended, except for the possibility of cutting off too much light 
111 51. hazy atmosphere. The polariscopic eye-piece is commended for its convenience 
111 US( x If the observer cannot avail himself of it, a diagonal eye-piece with a re- 
flector of plain unsilvered glass is recommended. In such an eye-piece the reflector 
ls placed a little in front of the focus at an angle of 45 0 with the axis of the telescope. 
Being unsilvered, 92 per cent, of the light passes through it, and should be permitted 
to leave the telescope through an opening so- as not to heat the air or the reflector. 
The remaining 8 per cent, of the light is reflected from the two surfaces of the glass. 
In order that these two systems of reflected rays may not cause confusion, the glass 
should be ground wedge-shape, and so arranged that only the reflection from the first 
Kin-face may reach the eye. ‘Since 4 per cent, of the sun’s light will in nearly all cases 
ho too great for the eye, the observer should also be provided with shade-glasses to still 
further diminish it. A neutral tint is to be preferred for all such glasses. 

Day of the Transit . — It is essential that every observer intending to make a really 
accurate observation should have little else to attend to during at least an hour or two 
before the first contact he is to observe, and should be entirely free from visitors and 
inquirers. The points to be particularly attended to are the firmness of the telescope, 
his ability to move it in such a way as to keep any required part of the sun’s limb 
steadily in the center of the field, and the accuracy of the focal adjustment. A mere 
estimate of an accurate focus about the time of observation should not be trusted to 
if it can be avoided, because the eye itself is liable to change its accommodation in 
this respect. The surest course is to have a pair of spider-lines previously fixed in the 
astronomical focus and to adjust the eye-piece so that these lines shall be sharply defined 
on the sun’s disk. The observer can then be certain that his focus is right so long as 
the definition of the wires continues good. 

The degree of brilliancy of the sun’s disk as seen by the eye is to be particularly 
attended to. It was recommended by the Paris International Conference that the disk 
should be darkened to the point at which a pair of spider lines 1" apart could just be 
seen distinctly separated. But as this test may not suffice, and as the observer may 
find insuperable difficulty in fixing the wires so close to each other, some other tests 
should be employed. We may lay down limits as follows: 

I. If the brilliancy of the disk is such as to be at all unpleasant to the eye, or if 
there is any appearance of glare* surrounding the sun’s limb, then the light is too 
bright and must be diminished. 

II. If there is any difficulty in seeing the limb well and brightly defined, then the 
light is too faint. Perhaps a good rule will be to shade off the light to such a degree 
that with the center of the sun in the center of the field, the whole field is as bright 
as the observer finds it not unpleasant to look at continuously, and yet not so bright 
as to render the mottling of the photosphere indistinct. Then, since the sun’s limb is 

* This word is liere used, not in the s'-n'se of a general atmospheric illumination, hut in the sense of sncli a reful- 
gence as to produce an appearance of indistinctness of outline through that excitation of the eye itself known as 
dassVtng. 
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]<^ than hall as bnght as the centei of its disk, it may be presumed that the latter 
mil be about of the light shade But it must always be remembered that the .slightest 
glaiv. indicates too gieat a bnlhancy 

^ et anothei guiding mle will be that the most distinct and easy view of the sun’s 
limb ^ to be aimed at 

Littmnl contact — To make a really good observation of this contact two conditions 
are essentially neeessaiy in addition to all which have been desciibed The observer 
must have had some pievious piactice m observing first contacts, and he must know 
exactly wlieie to look foi the contact 

The fiist condition can be well fulfilled by the artificial transit of Venus apparatus, 

" ‘: dl 1 1S mtended t0 have one 01 moie in Washington available foi observers 
J 01 the second condition it is essential that the observer shall have the means of 

7 ! !v' s l Jldei ' ! ne * m tlie field of view t0 an J required angle of position Within 
glinted States the first contact will occur A a point of the limb found by _ing 

14 / horn the north point towards the east The spidei -lines should be set at n<>ht 

r » 6S °i ^ iadmS ° f Ae S ° lar dlsk w hich terminates at this point of the limb TIicmi 

***** ° f t dlSk the first contact wi 1 i s t n in 

^ itinera fo T,i w ;t r r 4w 

mpuded as io hoa,s Grants W„l , tabUlai tme of filst <=»"“«* may l,o 
minutes before nine a m Owing however to th7 T'! rock ™ in Sf tllis is liv u 
t aliens of the ti.nstt a ,11 help nf’in <Z Zt v er ‘'° rS “ 8 tabl0s ’ wIl,ch oWl '- 
nill oecui a laige fraction of a minute earlier tfilrt 9 “ lte / 0S8 ' bIe fllat onntnrt 
tins possible eiror, ,t ,s recommended that the ohse” ’’V 0 * 8 ' 1 tm0 T ° ,l,W l ' 1 "' 
minute betoie the computed time The follow • 1VG1 e ^ m t0 ^°°k exac ^y one 

putation which the obi™ should i wTh? d 'XT ° f 1>art ° f «■» “">>- 

1 to Uk, “ s ^ ^ * * cmc,^ e t find i o, t ,r .tr 

.. .. * 2 ; 

Washington mean time . . 

Reduction to external contact " ' 21 16 40 

Washington time of tabular contact — 

" aslungton time to begin looking . ' • 2 ° 55 25 

The obseivei should avoid lookino- before th V " ” ' 20 54 25 

The time to be noted is that at which the ^ m 0rder not to fatigue bis eye 

", ^— visible The observer mat *** * tlle advancing ZTet 

iL 1S Iea11 ' a peimanent notch, but the SeC °" ds to be sure that 

the time to be given » that when it was 
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first certainly seen. If he did not catch the first moment when he could see it, that 
fact must be stated. 

Internal contact . — Owing to the importance of this observation and the necessity 
of special attention to it, it is recommended that the observer have little else to 
attend to during the 21 minutes between it and external contact. It is now believed 
that measures of the cusps with a double-image micrometer should not be undertaken 
during this interval, owing to their fatiguing the eye and distracting the attention of 
the observer. 

It is essential that the observer should allow his eye nearly perfect repose foi’ 
several minutes before the contact. It is quite right and proper that he should take a 
general view of the phenomenon at short intervals, and note the appearance presented 
by the outline of the planet, but he should not exercise his eye and attention in endeav- 
oring to make any difficult observation. 

I~Iis serious attention will be first required some two minutes before the expected 
time of contact. There is every reason to believe that the entire outline of the planet 
will then be visible, that portion not on the solar disk being bounded by a fine line of 
light, supposed to be due to the refraction of the atmosphere of the planet. Indeed, 
this line may be visible from the first moment of the planet’s appearance, and the 
changes which it undergoes in the relative brilliancy at different points will be a sub- 
ject of great scientific interest. Although observers of accurate contacts must guard 
against fatiguing their eyes by minute observations on this aVc of light, observers 
who have not the appliances for making the best observations of contact might well 
devote themselves to its careful study. 

•J 

One of the great difficulties in the observation of internal contact will be to 
avoid confusing this line of light, which may grow brighter as contact approaches, 
with the direct light from the sun’s limb, which will be seen after contact. The 
distinction of the two is a matter of judgment which must be left with the observer. 
In what follows we, for the most part, make abstraction of this appearance, describing- 
phenomena as if it were not present, and the observer must in like manner seek to 
observe as if it were not present. 

The moment to be observed as that of true internal contact is when the limb of 
Venus is exactly tangent to that of the sun. It is, however, found by experience that, 
although easy to think of this tangericy, it is difficult to observe it with the requisite 
precision, owing to the imperfection of vision, and especially to the irradiation produced 
by the earth’s atmosphere and by any imperfections in the telescope. The phenomena 
to be really observed are defined as follows in the instructions of the International 
Conference held at Paris in 1881 : 

“At ingress the moment to be noted is that at which the observer sees for the last time an 
evident and persistent discontinuity in the apparent limb of the sun near the point of contact with 
Venus.” 

“At egress the moment of the first appearance of a well-marked and persistent discontinuity 
in the illumination of the apparent limb of the sun at the point of contact.” 

However well these definitions may apply to the actual phenomena, they are not 
sufficient, without further explanation, to enable the observer to know what is contact 
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under all circumstances Indeed, th6 Conference itself added a number of insti uctions 
of what was to be looked for under special cucumstances For these instructions the 
following are, however, substituted by the American Commission 

We must first remember that just before internal contact at ingress the suns 
limb will be broken off by the advancing planet, and that portion which is visible 
neai the point of contact will present the appeal an ce of two fine sharp horns, the 
points of which wall slowly approach each other The moment of ti ue intei nal con- 
tact is evidently that at which these points exactly meet But since they cannot be 
seen by the eye to meet until the completed line of light becomes thick enough to be 
seen, the observer must not expect to see the thread of light actually complete until 
after the contact has passed As a general rule, therefore, he must note what is to 
be seen just before this thiead of light becomes evidently complete What he sees 
will depend very largely upon the clearness and steadiness of the air The most 
favoiable circumstances for observing true contact are those in which the cusps appear 
steady and sharply defined against the black background of the sky There will 
then be little difficulty in catching the moment at which they are first about to meet, 
which will be that of true contact 

In most cases, however, especially if the sun is low, the outline of the cusps will 
be wavy and serrated, their ends will be more or less lounded instead of being sharp, 
and theii outline will bemontinually changing in consequence of the apparent undu- 
lating motion pioduce'd by the atmospheie The greater this vibratoiy motion and the 
more the cusps are blunted the moie difficult it will be to catch the moment of true con- 
tact The following lules are then to be borne in mind by the obseiver So long as the 
dark region between the cusps which connects the black disk of Venus with the black 
sky outside the sun letains its full daikness, without any apparent motion or undula- 
tion going across it, so long contact has not occurred, and this although the planet 
may seem entirely within the true outline of the sun It would be well for the 
obseiver to have an assistant at the chionometei to whom he can from time to time 
call out the words “not yet” The assistant should write down the second by the 
watch or chronometer at which the observei commenced to pronounce these words 

Instead of the cusps uniting into a fine, steady line ot light, the observer may at 
a ceitam moment begin to see an undulating motion extending all the way across this 
daik space He will soon after see that this motion is due to the continually increas- 
ing line of light, which is broken into threads and waves by atmosphenc undulation. 
Fiona and after the time that this undulation is permanently seen contact is certainly 
passed It would be well, when it is fiist fully recognized, that the observei should 
call out “past” to his assistant, who should note the time at which the word is spoken 
If he has made no mistake m his estimates the time of contact will be limited between 
the last moment at which “not yet” was spoken and the first moment at which “past” 
was pronounced 

. Iq the event of cusps appearing much rounded, the further Venus appeals 
inside the disk of the sun, as completed in the imagination by continuing its outline 
across the daik region, the more careful must the observei be to catch the fiist line of 
true sunlight extending across It may be assumed that if the seeing is at all good the 
undulating fight of the sun’s limb will be clearly recognized in a very few seconds after 
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the true time of contact. On the other hand, he must be on his guard against mistaking 
some slight haziness around the point of contact for the appearance of true sunlight. It 
is also possible, in case of a very bright but undulating image, that the sharp cusps may 
from time to time be momentarily brought together by atmospheric undulations before 
contact really occurs. These are points upon which the observer must be left to his own 
judgment. He must in all cases try to estimate what the phenomenon would be if there 
were no undulations, and he will be assisted in this by taking particular note of the 
appearance at those moments of steadiness which generally occur every few seconds in 
the worst atmosphere. The trouble to which observers are prone is that of catching 
some phenomenon or undulation, which really occurs only from time to time, and 
fixing the attention on it as though it were permanent. It is so easy to imagine that 
one sees irregular phenomena that the observer must be especially careful to distin- 
guish what is permanent from what is an accidental product of atmospheric vibration. 

The preceding directions apply principally to those cases in which the air is clear 
and the sky blue If the observation is made through a sky so covered by clouds or 
haze that there is no striking contrast between the brilliancy of the sun and that of the 
surrounding sky, the observation may be extremely difficult, because the completion 
of the thread of light will probably not be seen until a considerable period after 
actual contact. It is therefore best in such cases that the observer should note the last 
moment at which he felt sure the limbs did not become tangent and the first moment 
at which it became permanently evident that the planet had passed entirely within the 
sun. Perhaps no better definition can be given of contact under such circumstances 
than that it is the moment when the limbs are really tangent. 

Whatever moment the observer may note, it is indispensable that he give an accu- 
rate statement of the appearance presented by the sun and planet at that moment, 
accompanied by a drawing if necessary. If lie is able also to give a drawing or 
description for the moment at which he last spoke the words “not yet,” and at which 
he first said “past,” it will be well to do so. At the same time the useless multiplica- 
tion of times is to be guarded against, owing to the distraction thus produced. 

Egress . — At egress the phases occur in inverse order, so that the same directions 
will apply when properly interpreted with the respect to time. The following points 
are, however, to be especially noted: 

As the thread of light between the limbs of the sun and planet becomes very thin 
it will probably appear to darken, partly from atmospheric irradiation and partly from 
the eye being less affected by a thin line than by a broad band of equal brilliancy. 
If the atmosphere is undulating this thread may be expected to break up into a mass 
of undulating threads of light, continually changing their form and appearance. So 
long as this undulating mass continues to be seen in motion all the way across the 
dark space near the point of contact, so long contact has not occurred. If, however, 
the appearance of congealing into a hard immovable mass is presented, the moment 
of such seeming congelation is that of true contact. 

In looking for the complete disappearance of the undulating light the observer 
must be on his guard against mistaking the illumination of the outline of Venus, pro- 
duced by the atmosphere of the planet, for the true light of the sun’s limb. There 
were supposed to be some cases during the transit of 1874 in which the observer, 
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'watching' foi the fading line of light to disappear found himself 1 eally observing this 
atmospheric outline after contact was past This is a point on which, in the absence 
of complete expenence, no definite instruction can be given to the observer, and he 
must lelv upon his own judgment to guaid against a mistake of this kind 

In the case of paities supplied with double-image micrometers it is recommended 
that mea sines of the thickness of the band of light between the two limbs be com- 
menced as soon alter internal contact as the observer has made all Ins necessary records 
and notes It will also be well, twenty minutes befoie second internal contact, to com- 
mence similai measurements of the thickness of the point of light between the limbs 
Gieat caie must, however, be taken to stop these measures and replace the micrometer 
by the eye-piece in good time to make a careful observation of contact 

Last contact — The observer should note the last moment at which he certainly 
and distinctly saw the vanishing-notch made by the receding planet To assist in 
this it will be well to pi onounce the word “notch” from time to time and have the 
times noted by the assistant 

XXXVII —METHODS OF BECOBDIXG CONTACTS. 

To make the best possible observations of contacts the observei must be well 
piepared to note the times of such phenomena as he may see, and this without any 
liability to enors of 10, 20, or 30 seconds, or a whole minute If he has to look at 
and lead a time-piece himself theie is danger of such errors They may be avoided 
by employing a chionogiaph, but m observing contacts there are two difficulties con- 
nected with the use of this instrument The first is that in the event of other signals 
than those of contact being made, whether by accident or design, it may be difficult 
to leeogmze the meaning of the several signals The second is that in general the 
instant of contact can be recognized only by watching the course of the phenomena 
both befoie and aftei that event, and thus the obseiver is not ready to recoid the con- 
tact till some seconds after it has occuned Still, with proper precautions against 
these difficulties, a chionogiaph may be used 

Expenence has shown that when an obseivei notes the times himself, the surest 
way of guaidmg against errois m the seconds is to have an assistant at the clock or 
chionometei to beat every second with a key, oi small hammer, upon a board By 
this plan a pocket watch may be used in the absence of a better time-piece At the 
moment of each beat the assistant must call out only the units or the tens of the sec- 
ond Thus, beginning at ten seconds, the calls will be ten, one, two, three, etc , 
twenty, one, two, etc, thirty, one, two, etc The reason for not calling the numbers 
in full, twenty-one, twenty-two, etc , is that then distinct pronunciation would require 
such a consideiable poition of a second that the observer might be in doubt which 
beat any one number belonged to The simple numerals fiom one to ten may be 
pronounced simultaneously with the beats, so as to leave no doubt An assistant 
beating m this way may give time to several persons 

If the observer employs an assistant at the time-piece to read off and record his 
times, he must also airange beforehand a system for registering notes respecting- the 
phenomena Such notes will be “not yet,” “haziness near the point of contact,” 
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“flashes aiound the planet before contact,” “atmosphere of Venus clearly illuminated,” 
etc If several such notes have to be made, two assistants will be necessary — one to 
wnte them down and the other to lecord the times To co-ordinate the notes with 
the times, the letters A, B, C, etc , may be employed The assistant at the chronome- 
tei is then to record the chronometer tune at which the lettei was spoken,, and opposite 
it the letter itself, while the other assistant is to wnte down first the letter and then 
the note 

XXXVIII —DIAMETER OF VENUS 

If the chief of paity can spaie any time from the photographic opeiations 
between second and tlind contact, it should be employed in measuring the diameter of 
Venus with the double-image micrometer Such measures may be made in groups of 
sixteen, viz Foui measures of the polai diameter, two of them being made with the 
index to the right of zeio, and two with it. to the left, eight measures of the equato- 
rial diameter, four being with index to light, and four with index to left, and 
lastly, four more measures of the polar diameter, two being with index to right, and 
two with index to left By this ariangement the zero point and all eirois symmetrical 
with the time ate eliminated Form II contains some observations of the diameter 
of Meicury, made during its transit in May, 1878, at Austin, Texas, which are given 
as a specimen of such work The numbers in the fiist column aie, the chronometer 
time when the measuiements were begun, namely 9 14 — g h 14“, the reading of an 
aneioid barometei, 28 98 inches, the tempeiature of the air, 92 0 Fahrenheit , and the 
chronometer time when the measuies were finished, 9 30 rz 9 1 * 30 1 ” The other columns 
are sufficiently explained by tlieii headings One revolution of the micrometer-screw 
is equivalent to 1 7" 208, and the diameters are the pioduct of the sums by one-quarter 
of this value 

Form II 
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XXXIX -DATA REQUIRED. 

Foi convenience of reference, the data which will be mphicd m reducing flu* 
obsei vations are here enumerated D 3, 4, 5 , 6 , 7, Gr 3, 6, X, !), 10, II 8, nud K 1 
can be best determined in Washington All the othois must, bo determined m tin* field, 
and it will be the special duty of the chief of paity to see tlut nothing needful is 
omitted fiom the record 


3 

4 

5 

6 

7 

8 

9 


A — Name of station 
B — Latitude and longitude of station 

C With every observation, the name of each peison employed in making if, and the 
part he took in the work, must be lecoided 
D — For the meridian instrument 

1 Maker’s name and number 

2 Size and power of telescope 
Coirection foi flexure 
Correction for inequality of pivots 
Value of scale of striding level 
Value of scale of zenith distance level 
Value of one revolution of the micrometei screw 
Intervals of transit wires 
Intervals of miciometer wires 

F — Foi the chronometers 

i Makeis’ names, numbers, and descriptions, whether mean time or sidereal, mini 
ber of hours on dial, break-circuit or not, etc 

he C0i y ectl0n of ea ch chronometer to local time whonevei it is used 
F The makers name, and number of the chionogiaph 
vx r or the photoheliograph 

1 Number of objective * 

2 Numbei of measurmg-rod 
Length of measurmg-rod at some definite tempeiahue 
1 emperature of measuring-rod whenever it is used. 

JN umber of jaw-micrometer 

Correction to be applied to readings of jaw-nnciometer 

Refractive index of reticule-plate 
Interval between reticule-plate and collodion-film 
Azimuth of the center of the reticule-plate 

Whet; l Z6 - nit i; dlStan ° 6 ’ ° f the ° 6nter of retioule-plate 

shade, the temperatui'e irthe^hoToT ^b^ T ° f ^ atmos l )her ° tlu> 

barometer and its attached thermometer* ° ° U , Se ’ and the rea dingof th« 
hour thermometer, must be recorded every half 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
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G . — Ft >r tl 1 0 pi lotohel i ograph — C ontinued. 

1 5. Every negative must have its number marked upon it by a diamond. With 
each negative must be recorded the chronometer time of its exposure, a 
sidereal chronometer being used; the direction (east or west) of the small 
arm on top of the frame, from the center of which the plumb-line is 
suspended ; and the direction of motion of the exposing-slide (east or west). 
11 . — For the engineer’s level, or level of precision: 

1. Maker’s name and number. 

2. Size and power of telescope. 

3. Value of level-scale. 

4. Value of micrometer-screw. 

1 . — For the theodolite: 

1. Maker’s name and number. 

2. Size and power of telescope. 

3. Diameters of limbs, and least reading. 

K. — For the equatorial telescope: 

1. Maker’s name and number 

2. Size of telescope. 

3. Powers of eye-pieces. 

4. Value of one revolution of the screw of the double-image micrometer for each 

of the two front lenses. 

5. With every observation, the power employed in making it must be recorded. 

The utmost care must be taken to have accurate knowledge of the local time on 
the day of the transit. Owing to the uncertainty of weather, no fair night must 
be allowed to pass during the week preceding December 6 without the observation of 
star-transits for time and azimuth; but if clouds prevent such observations, then, if 
possible, the transit of both limbs of the sun must be observed daily during the same 
period, the telescope being reversed "between the limbs. On the day of the transit all the 
chronometers at the station must be compared in the morning, and again in the evening. 

On December 5th all the apparatus must be inspected .to make sure that it is in 
good working order, and care must be taken that the adjustments 4 and 5 of section 
V are correct. Both on the day of the transit and on the day preceding, G 7 and 
G 13 must be very accurately determined ; and G 12 must be deduced from the tran- 
sits of stars observed on nights before and after the transit of V enus, but as near to 
that event as possible. 

Examples showing how observations of G 13 should be made and recorded are 
appended. In explanation of them it is only necessary to say that Form III refers to 
observations with an engineer’s level, and Iorm IV to observations with a level of pre 
cision. The theory of these observations has been already given in section V. That 
end of the bubble which gives the largest reading is toward the high end of the line, 
and the amount of elevation is found by multiplying the number in the line Differ- 
ence” into one-sixteenth of the value of one division of the level scale, hor the level 
Stackpole and Brother, No. 1510, the valve of one division was 6" 54. One-sixteenth 
of this is o" 409, which multiplied by 9.8 divisions gives 4F01. For the level 


* 


48 


INSTRUCTIONS FOR OBSERVING THE 


Stackpole and Brother, No 1489, the value of one division is 1" 74, one-sixteenth of 
this is o" 109, which multiplied hv 22 o divisions gives 2" 40 The large collimation 
eiror of the telescope of this level is noticeable 

Form III — Observations made with the engineer's level Stackpole and Brother, No 
1510, to determine the inclination of the line of collimation of the horizontal phot oh cl 10- 
graph at Hobart Town , Tasmania, December 9, 1874 


Object 

Observed 

End of Bubble 

North 

South 

North 

South 


d. 

d 

d 

d 

Reticule 

45 0 

13 9 




44 6 

13 9 



Transit 



12 0 

43 0 




12 5 

43 4 




12 2 

43 3 




12 2 

43 0 

Reticule 

44 0 

13 0 




44 0 

13 0 



Sums 

177 6 

53 8 

48 Cj 

172 7 

bums 

231 4 

221 

: 6 

Difference 


Q 

5 


North end high, 4" 01 


Form IV — Obsetvations made with the level of precision, Stackpole and Brother, No 
1489, to determine the inclination of the line of collimation of the horizontal photohdw- 
graph at Washington, D C, September 9, 1882 
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XL.— RECORDS OF OBSERVATIONS AND OPERATIONS. 

Of the journals, and memorandum-books, each ol), serving-room is to have at least 
one for its exclusive use, in which every operation must be recorded in detail, with 
all the particulars necessary to its being full}' understood. A journal is also to be 
kept, in which all the operations of the party must be entered. 

In addition to the original record of the observations, a duplicate record must be 
made with ink, at the earliest possible moment. The following rules respecting the cor- 
rection of supposed mistakes must be attended to in the case of each set of records: 

Original rough record. — In this record a number once written should never be 
erased. If the observer detects a wrong number immediately after writing it, he must 
draw a line through it and write the correct number beside it. If it is concluded 
from subsequent observations that a number is probably wrong, that fact must be noted, 
and the correct number indicated ;. but the record as written must not be altered. Num- 
bers should not be inserted in this record which are the result of calculation. For 
instance, if the observer fails to note the minutes of the chronometer corresponding to 
any observation, he must not conclude what they were from the preceding or subse- 
quent observations, and then put them in, but must omit them entirely, unless such 
omission would cause subsequent uncertainty. In that case the necessary numbers 
may be inserted, provided it is done in such a manner as to show that they were not 
directly observed, but are concluded from other parts of the record. To indicate this, 
a circle may be drawn around them. 

Should it be found necessary from any cause whatever to make the first rough 
notes of an observation upon loose slips of paper, these slips must be carefully pasted 
into the proper note book, in immediate proximity to the formal record which has been 
copied from them. 

The duplicate, or fair copy . — The second record is to be copied from the first as 
soon as practicable after making the observations, so that if mistakes exist they may 
be detected and corrected. If blank forms for the observations are provided, they 
may be used for the second copy as well as for the first; but everything for which 
they are not available must be copied in chronological order into a single book. In 
this duplicate copy greater liberty will be allowed respecting additions and alterations 
than in the original, the object being to make a complete and correct record; but in the 
event of numbers being added as the result of calculation, they should be underscored 
with red ink, or otherwise indicated. 

All records of observations must include every particular necessary to their being 
completely understood. For instance, wherever time is given, the particular time- 
piece employed must be designated; where level readings are given, the direction of 
each end of the level, east, west, north, or south, must be recorded; when the images 
of lines on the plate-holder are observed with the transit, the direction of the image 
from the middle wire, whether right, left, north, or south, must be stated, as well as the 
direction of the eye-piece of the instrument, east or west; and all photographs of the 
sun must indicate the exact time at which they were taken, and must be so marked 
that the position of the plate when in the holder — that is, the top, bottom, east and 
west sides — can always be distinguished. 
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In using the chronograph, the minutes and seconds must always be marked upon 
the sheet at least twice during each series of observations. All chronograph sheets 
must be preserved and sent home with the other original records, but m addition to 
this they must also' be read off and recorded m the proper books. 


XLI— -TRANSMISSION AND PUBLICATION OF OBSERVATIONS. 

All members of the parties are prohibited from publishing their observations, or 
results, without authority of the commission, but this prohibition is not intended to 
prevent any general statements respecting the nature and success of the work which 
the observers may choose to make In cases of co-operation with any other individual 
or party, the chief of the party is authorized to communicate to the other copies of 
all observations necessary to the special end' for which the co-operation was entered 

The chief of each party will transmit all the records to the president of the com- 
mission as soon as practicable after the completion of the observations They will be 
sent in separate packets, one containing the journal and all the original pencil memo- 
ran a of the obseivations, the other the fair copy already directed to be made. If 
practicable, the two packets must be sent at different times and by different convey- 
ances. From ports where an American consul is stationed, they may be forwarded 

by him through the Department of State, in which case he must be notified to send 
the two packets by different ships Send 
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